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PEEPACE 


The historical method of treatment is the death of clear 
exposition Consequently, I have given scant considera- 
tion to the evolution of the idea in time compared with its 
evolution from the standpoint of simplicity of apprehen- 
sion Furthermore, what a man “ wants to know ” is less 
the doer of the work than the work done I have, there- 
foic, made the workers incidental to their work Never- 
theless, these men represent the veiy elite of the army of 
science It is doubtful whether in any other field of hu- 
man effort there are to be found so many men of tran- 
scendent genius, magnificent framing and splendid balance 
of judgment as aio to be found in the science of ladio- 
activity It often happens in science that when a new 
Alaska IS discovered theic is a lush of " tenderfeet ” to 
the district and it becomes difficult to extract from the 
mass of matenal presented the pure metal from the “ fool’s 
gold ” This was notably the case with Eontgen’s orig- 
inal discovciy, but it has been equally mi the case since 
ladio-aciivity became a distinct science These men aie 
the piide of then univeisities, .md their names and work 
will long hold out “ against the wieckful siege of battering 
(lays ” Such ue J J Thomson, Becquerel, M et Mde 

Cuiic, Rutherford, Ramsay, Crookes, Lodge, C T E 

(vn) 
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PREFACE 


Wilson, H A Wilson, Elster and Geitel, Soddy, Debierne, 
McLenifan, Allan, and many others 

Their woik consists of facts experinientallj' obtained and 
theories based upon these facts Then statements of fact 
may, emphatically, be believed, and I tiust that I have not 
trifled with them Their theories are as they would have 
them — acceptable so long as they explain the phenomena 
observed As these theories are piesented in this book, 
they cannot be said to rest upon any definite concensus of 
scientific opinion The science is too new Each theory 
is, rather, the work of some one man who is entitled to 
speak as the authority paramount on that particular sub- 
ject I have taken them as so many defensible theses and 
have presented them as clearly and forcibly as I might 
If any portion of this book seems a little too enthusiastic 
it IS due to a vast admiration for the woik of these mas- 
ters of science 

R K D 

Washington and Jefferson College, 

Washington, Pa , January, 1905 
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INTEODUCTION 


Laymen in science •ftho wish to follow the tiend of modern 
discovery are limited foi the most part to one of two things 
Either they must lead the pseudo-science of the magazines, 
which IS arranged chiefly foi dramatic effect rather than 
for accurate exposition, or they must turn to specialized 
and technical woiks written by the discoverers themselves 
for their fellow-woikers — boohs in which technical training 
IS taken for granted, and the lay readei, however cultured 
and thoughtful he may be, becomes utteily and hopelessly 
lost 

The woild is thus divided between men who know and 
cannot tell, and men who tell and cannot know The great 
expositois arc dead, Huxley and Tyndall and all the others, 
and the gieat expositoi of the futuie, the inlcipietei of 
knowledge to the people, has still 1o be boin The writer 
of this book, himself, falls undei the burden of these difficult 
conditions He daies Aenture the undei taking only be- 
cause of the need of some inter pi etation of this new and 
interesting knowledge and because of his own sincerity 
He expects nothing fiom the leadei but a high school 
education and njove of contempoiuy natuial knowledge 
This love of contemporaiy natural knowledge is legitimate 
There is something peculiaily attractive about this border- 
line between science and ignorance It is the fightmg- 
line — and it is so pre-eminently human and natural to love 
the spectacle of a struggle It is the spectacle of a con- 

(xv) 
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temporary struggle that the author places before the reader, 
the casus helh being neither moie nor less than the nature 
of the chemist’s atom The nature of the atom may seem 
at first sight to be too abstruse and remote to enter into the 
sphere of practical interest Such a hasty judgment would 
be unwai ranted The atoms of matter are the bricks of 
the universe, out of which you and we and the Milky Way 
and the Dog Star are all made up What affects the atom 
affects us As a matter of fact, there is nothing esoteric 
about it and little that is abstiact The knowledge is ap- 
prehendable enough and vastly important Locked up in 
it IS the cause of the heat of the sun, together with the nature 
of electricity, the evolution of a uni\ erse and the birth and 
decay of matter There are also, possibly, a cure for tubercu- 
losis, light without heat, a demonstration of vast stores of 
energy hitherto unsuspected, beside which the forms of en- 
ergy with which we are acquainted are absolutely insignifi- 
cant, and a whole series of radiations heretofore unknown 
from matter in the natural state Ten years ago men talked 
with extreme positiveness about this and that, a famous 
litterateur, even, wrote a comprehensive treatise on “The 
Bankruptcy of Science ” in which he proved (sic) that every- 
thing essential and possible of knowing was knowm, and that 
all that remained was meie detail It is piopei to say that 
the answ^er of science to this tiemendous indictment was in 
deeds, not words, for there came in lapid succession Hert7’ 
discovery of electro-magnetic waves, Moissan’s i evolu- 
tionary work with the electric furnace, Bontgen’s X-rays, 
Rayleigh’s and Ramsay’s discovery of the rare gases of the 
atmosphere, and Dewar’s liquefaction of hydrogen Finally, 
there has come, as most upsetting to all preconceived ideas, 
the famous discovery of Becquerel and the Curies, which in 
itself and in its consequences forms mainly the subject- 
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mattei of this book Wlieie bofoio thoie was solid, walk- 
able giound to the oldei science, now tlieie is nothing but 
shifting sand The list ccntuiy began A\ith the itom, and 
the lesult is the inipleinents of civilizition as ^\e hive them 
This ceil till y begins vith the itoiii within the itom, ind, if 
one may judge, the civiliz ition of the coming yens will be 
lapidly modified ind cventuilly tiinsfoimcd into phases of 
which, now, we hive Imt the biiest glimpse 

Since it has been the c udinil desire of the wntei to make 
this book a logic il secjiience uid, to some extent, a synthesis 
of this new knowledge, he his deemed it idvisiblc to bogin 
w^th definitions wdiich foimulite the fund imental concep- 
tions of the oldei scieiiee and to liuild the book up to the 
definitions, le-defmed, which sum up the acKance Only in 
this wiy cm the gcneid leidei obtain a leisonibly com- 
prehensive giisp of the sub]eet-mxttei and only in this 
way, ilso, can the wntei loiee upon him an intellectual 
conviction of its v ilidity 

Since thcie apiieais to be no text-book wdiich even at- 
tempts to eovd this field of knowledge it is hoped that 
this simple gatheimg togethei of its most significant facts 
and theoiies may piove useful ind helpful to the teacher 
md the student 

The piogiessi\e teiehei, piiticulaily in the high school 
01 smillei college, finds it, often, exceedingly difheult to 
gun iccess to the oiigmil souhcn of knowlexlge 

The student, whcthei he is now m sc hoed oi college oi 
whether he his pissed theietiom into his lile-woik of me- 
chanic il 01 piofessional letivily, geneiilly his not time foi 
and docs not desiie such oiigmil souiees, though he may 
have an eager wish to keep ibieist of the maich of knowl- 
edge 

Teachers and advanced students of branches of knowl 
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edge widely divergent from physical science often widi to 
con elate their knowledge with its latest thought To them 
as well as to general readers it is hoped that the simple ex- 
position and summary offered in this book may prove con- 
venient, acceptable and useful 

E K D 



PART I 


CTIRRENT CONCEITIOHS 



Now, whether the mam outlines of the world-picture which 
I have 2 ust imperfectly presented to you be destined to surviie, 
or whether in their turn they are to he obliterated by some new 
drawing on the scientific palimpsest, all will, 1 think, admit 
that so bold an attempt to unify physical nature eoccites feelings 
of the most acute intellectual gratification The satisfaction 
it gives IS almost (esthetic in its intensity and quality We 
feel the same sort of pleasurable shock as when from the crest 
of some melancholy pass we first see far below us the sudden 
glories of plain, nver, and mountain 

Reflections Suggested bv the New Theory of Matter ” Inaugural 
Address by the Right Hon A J Balfour, President op the British 
Association August, 19C4 
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PAET I 

CUERENT CONCEPTIO: 


CHAPTER I 
The Three Entities 



When a man begins to think, seriously, of the world, or 
worlds, around about him, he is at first dazed by the seeming 
complexity ot it all Thousands of phenomena confront 
him, inextricably tangled, and theie seems to be no simple 
way of co-ordinating them That the universe must be 
harmonious, is a fundamental demand of oui human natuie 
Nor IS this faith misplaced Just so soon as we actually 
begin to sort things out, matters proceed with giatifymg 
smoothness and it soon becomes apparent that one may 
place all he knows of this um\eise of space and time into 
just exactly thiee conipaitmeiits These compartments we 
shall label 

1 MairER 

2 FTHLR 

3 I NT RGI 

These aie thiee physical entities, outside of which, so 

( 1 ) 
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far as we understand the physical universe, there is noth- 
ing, and into which the universal content of the mind of 
man, so far as it concerns things outside itself, may be stowed 
away For the sake of our atom, we must define these three 
entities, and, until the progiess of onr book warrants it, 
we must define them by means of the current conceptions 

MATTER 

What matter is, in itself and by itself, is quite hopeless 
of answer and concerns only metaphysicians The “Ding 
an sich ” is forever outside the province of science If all 
men stopped to quarrel ovei the inner inwardness of things, 
progress, of course, would cease Science is naive, she 
takes thmgs as they come, and rests content with some 
such practical definition as will serve to differentiate matter 
from all other forms of non-matter This may he done, 
stnctly provisionally in this place, by defining matter as 
that which occupies space and possesses weight Using 
these two properties it is readily possible to sift out matter 
from all the heterogeneous phenomena that present them- 
selves to the senses, and that, in this place, is what we want 
Thus, wood, water, copper, oil and air are forms of matter 
for they evidently possess wei^t and fill space But light, 
heat, electricity and magnetism we cannot consider to fill 
so many quarts or weigh so many pounds They are, there- 
fore, forms of non-matter In like manner, things such 
as grace, mercy, justice and truth, while they are existmg 
entities as much as matter, are unquestionably non-matter 
We have, consequently, in this definition, a ready touch- 
stone for distmguishing matter from non-matter 
Now, governing matter m all its varied forms, there is 
one great fundamental law which up to this tune has been 
ironclad m its character 
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This law, known as the law of the conservation of mass, 
states that no particle of matter, however small, may be 
created or destroyed All the king’s horses and all the 
king’s men cannot destroy a pin’s head We may smash 
that pin’s head, dissolve it in acid, burn it in the electiic 
furnace, employ, in a word, every annihilating agency, and 
yet that pin’s head persists m being Again, it is as un- 
creatable as it is indestructible In other words, we cannot 
cieate something out of nothing The material must be 
furnished for eveiy existent article The sum of matter 
in the universe is x pounds,— and, while it may be carried 
thiough a myriad forms, when all is said and done, it is 
just— a: pounds 

In the foiegoing statements we have used the conceptions 
of the oldei science, and, indeed, the current conceptions, 
but to say that throughout all time we never should be 
ible to destroy oi create matter, oi to say, indeed, that 
mattei is not, to some extent, being created and destroyed 
to-day, would be to run the iisk of profound error All we 
can say, to-day, is that we cannot do it If creation oi 
annihilation is actually going on, we are mere spectators anc 
stand in no causal relation That this well may be, and 
probably is, it must be the duty of our book to disclose in 
certain succeeding pages 


El HER 

Any discussion of ether leads out upon the highroad to 
incieduhtv A thing must be defined by its properties 
and the properties of the ether aie for the most part nega- 
tive, so negative, indeed, are they, that when one says 
boldly that we cannot see ether, he u it, taste it, smell it, ex- 
haust it, weigh it, 01 measure it, one feels timid that sane- 
minded people will meet these negative qualities of our 
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ether by a decided negation of belief in its existence But 
the fact of the matter is that if this thing ether” is not 
visible to the eye of sense it is visible to the eye of the mmd, 
which IS much less liable to eri To demonstrate this^ 
place a little instrument known as the radiometer up in the 
sunlight This instrument consists of a 
glass bulb containing a partial vacuum in 
which hangs poised a tiny null wheel of 
aluminum On the impact of the sunlight 
the wheel at once begins to revoKe, and 
soon attains a velocity so great that the 
eye is unable to distinguish the separate 
vanes Now the eye of the mind is applied 
Something, therefore, flies 93,000,000 of 
miles from the sun and causes that wheel 
to revohe, and that something must be 
the radiations of light and heat With le- 
gaid to the nature of these radiations we 
aie positively shut up to one of two ex- 
planations 

The light and heat proceeding from the sun consist 
either of particles or of waves There is no other explana- 
tion conceivable 

The first assumption, that they consist of particles, is 
known as the ‘ ' corpusculai theoiy,” and was killed out- 
1 ight and bui led years ago after a battle i oyal The second 
tissumption, that of waves, known as the undulatory theory, 
meets with universal acceptance It is the only complete 
explanation of all the known facts The radiations from 
the sun, therefore, that moved our mill wheel consist of 
waves, and now comes the inevitable back-thrust of the 
mind, waves of what^ 

Once convinced that light consists of waves, the mind 
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in&istb ilut these waves shall inhere m something The 
ocoaii waves are made of water, — sound waves of air, — 
light V ives of, we must say , — something This something 
cannot be air or water or any form of matter as we know it, 
for throughout that great reach of 93,000,000 of miles be- 
tween the sun and us theie exists but empty space Filled 
tins c in])ty space is, however, and to the brim There is no 
such thing IS emptiness From cornei to comer ot the 
universe, wheicvei a stir shines oi light darts, there bioods 
this vast oil cunuimb lent medium — the ether Not only 
through inteistellai spices, hut through the woild also, in 
all its manifold complexity, through oui own bodies, all he 
not only encompassed by it but soaking m it as a sponge 
lies so iked 111 water HovV much we ourselves are matter 
and how much ether is, m these clays, a veiy moot question 

PNERGI 

Just as there is no such thing as emptiness, so there is 
no such thing as lest It is doubtful that there is such a 
thing IS lest even m a lelative sense The veiy particles 
tint constitute the mateiuls of oui so-solicl-seennng eaith, 
tint seem so fixed iiid it lest iclitnely to one inothei are 
in I stitc' of peipotud umemitting quiver — what we call 
teiiipoi ituio — iiid tint ciuiveiing, had wc eyes but big 
c'liough to see it, is very 1 ii, indeed, leinoicd from lest 
Now, this motion IS contmuilly clnnging, from one velocity 
to inothei, ind the suiie kind of leisoiung that led us to 
believe m the ether leads us to believe that a body can go 
fastci 01 slowoi only bee luse of some cause This cause, 
or thi\ jKRce? to change tJie slate of motion of a body, is 
“neigy 

Just as mattei may exist in so many different forms, so 
liny energ}, a list of the loims of ichieh we append 



6 


THE NEW KNOWLEDGE 


1 KINETIC ENBRGr 

2 GBAVITATION ENERGY 

3 HEAT 

4 ENERGY OP ELASTICITY 

5 COHESION ENERGY 


6 CHEMICAL ENERGY 

7 ELECTRICAL ENERGY 

8 MAGNETIC ENERGY 

9 RADIANT ENERGY 


This list comprises “forms” of energy and not “ differ- 
ent energies,” for the reason that they are one and all inter- 
convertible Energy is protean in its nature for it may be 
converted, directly or indirectly, into any other form They 
are, therefore, different phases of one thing, not different 
thmgs For example, the energy of the burning coal is 
converted consecutively into heat, into mechanical energy, 
into electrical energy, and, finally, in some far away street, 
into the radiant energy of the arc lamp It is possible, 
even, that these very “forms” may not be distinct from 
one another, actually, but aie simply so many different 
varieties of motion 

However that may be, energy is not only transformable 
but transferable In a word, we may transfer energy from 
one body to another indefinitely We may load the energy 
from a waterfall into a dynamo and from the dynamo into a 
sewing machine Matter is but a stepping-stone to energy, 
here and away, through one form to another and from one 
body to another, infinitely restless, constant only to one 
thing, — its total quantity However much energy may be 
transformed or transferred, when any quantity of one form 
disappears, a precisely equal quantity simultaneously ap- 
pears m some other form or forms Just as with mattei, 
you cannot create or destroy any quantity of energy how- 
ever small, and since energy is the great worker of the 
universe you cannot get something for nothing No ma- 
chine can make energy, and it is curious that this fact is 
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SO little understood of men, that, accordmg to rumour, the 
Patent Office finds it necessary to employ a special clerk 
to deal with persons who believe m peipetual motion It 
will readily be seen, then, that since energy may be tians- 
formed from one form into another, since it may equally 
well be transferred from one body to another, and since, 
moreover, it cannot be created or destroyed, we have pre- 
cisely the same grounds for believing in its existence as an 
actual entity as we had for believing m the existence of 
mattei It is proper for us to hold as reasonable the view 
that energy is an existing “thing ” Concerning the dictum 
of curient science, that it is impossible to create or destroy 
it, we ought to make the same provision as we did with 
matter, that while it may not be forever and forever in- 
destiuctible and unci oat able, and while it may be even now 
suffering annihilation, we have no contiol over it The 
doctrine of the conseivation of energy is leceiving some 
hard knocks nowadays, and whether or not it is weaken- 
ing will be for the future to deteimine 
We have, thus, reduced the universe to three terms 
matter — ether — energy, and we ought now to consider 
whether this triune conception may not be capable of a 
deeper synthesis We have all, I imagine, a deep-seated 
conviction of the essential “oneness” of the universe, and 
to justify it, we must assume, either that these thiee things 
are after all but “forms” or phases of an underlying and 
unknowable reality, or that, separate and distinct as they 
appear, they are themselves One, in some mysterious way 
altogether beyond the power of human reason to grasp 



CHAPTER II 

Compounds and Elements Molecules and Atoms 

The number of the forms of matter, that is, of the different 
weighable, space-filling things, in our ivorld reaches an as- 
tonishing total 

Two hundred and fifty thousand would, probably, be a 
modest estimate of the number of things having properties 
that sharply demarcate them from every other individual 
thing It IS a simple fact that if one were to attempt to 
read all the accounts of the different forms of matter daily 
discovered, as they appear in the journals of science, one 
would certamly hopelessly fail, reading twenty-four hours 
m the day These substances are known as the “com- 
pounds” of matter 

Compounds, however, while they are individual m their 
properties are not simple in their composition Common 
salt may be broken down into a metal that floats on water, 
called sodium and a greenish-yellow gas called chlorine, 
prussic acid may be decomposed into two gases called hy- 
drogen and nitrogen and into a solid called carbon In fact, 
every one of this vast number of heteiogeneous substances 
may be broken down successively into simpler bodies that 
weigh less than the substances from which they are ab- 
stracted, and these simpler bodies, some seventy m all, 
constitute the chemist’s so-called "elements” of mattei 
These elements, in their properties, have no relation to the 
substances which, when united together in various ways, 
they comprise Some of them, such as iron, sulphur or 
phosphorus, may exist free or combmed, as the case may 
( 8 ) 
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be, others, such as calcium, casium oi fluorine, aie always 
combined and you nevei see them as such They may be 
common as dirt or a thousand times rarer than gold The 
important point is that, united together by a foice called 
chemical affinity, in vaiious ways and in ditfeient quin- 
tities, these same seventy things constitute all that is 
But these things aie found all over If the woikl is mule 
of “mud,” so are the sun and stars They consist of the 
same thing Iron and hydrogen aie found m the sun, 
together with many an other element , calcium and man- 
ganese in the great star Sums, caibon, the so-called “ele- 
ment of life” m all the stars alike The chemistry of all 
paits of space is the same 

A Compound is thus a substance that may be decomposed 

or separated into othei substances 

An Element is a substance that has, so far, lesisted all 

attempts to decompose it 

MOLFCULES AND ATOMS 

A substance is either infinitely dnisible, or it is not 
There is no mediate possibility According to the old 
scholastic conception, you could, at first practically, and 
then mentally, go on dividing any specific object into parts 
smaller and smaller forever and forevei and foiever In 
other words, you could never have a thing so small but that 
it had two halves Now ve need tiouble ourselves vith 
this conception no further than to say that it is absolutely 
incapable of explaining the observed phenomena of the 
world The fruitful conception, the one that not only ex- 
plains the phenomena of matter to an astonishing degree, 
but even permits the successful prediction of many forms 
of matter hitherto unknown, assumes that these forms of 
matter as we know them are not by any means infinite y 
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divisible, but that they consist of ultimate particles— that 
matter is no jelly but that it is made up of grains 
ye believe that, nkmg for example a piece of common 
salt, if w proceeded to bieak it up finer and finer, we 
should eventually, away down m the scale of fineness 
arrive at a piece so small, that if it were broken m two 
we should have no longer two pieces of salt resulting, but 
instead, two particles widely different m their properties’ 
namely, a piece of the metal sodium and a piece of the gas 
chlorine This piece of salt, so small that if we broke it 
the pieces would no longer have the properties of salt, is 
called a mokcvle of salt A pound of salt is simply x 
molecules of salt We believe that they move about each 
the influence of heat, as separate bodies and 
that they are the limit beyond which it is impossible to 
subdivide matter without destroying its identity 

ATOMS 

We have said that when a molecule of common salt is 
broken down there results a particle of sodium and a 
particle of chlorine These paa-ticles, the constituents of 
molecules, are the atoms of matter Instead, therefore 
0 defining a compound as a substance composed of ele- 
ments, we may say that a compound is a substance the 
molecules of which are made up of the atoms of the elements 
Ihere are, of course, as many different atoms as there are 
eements When atoms of like kind unite together we 
have the elements of matter, when of unlike kmd the com- 
pounds of matter Now, since there are some seventy 
elements, there are some seventy kinds of atoms, and when 
we think of the varied number of combinations and per- 
mutations, so to speak, that may be brought about by 
tying together different numbers and different of, 
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say, seventy odd marbles, it is no matter tor wondei that 
theie ne some two himdied and fifty thousand diffeient 
molecules A substance is x molecules, iiid a molecule is 
a little building of which the atoms iie the bricks We 
may now re-defme our definitions 

A Molecule is the smallest paiticle of a substance that 
can exist in a free stite, and which has the same composi- 
tion as any larger mass of the substance 
An Atom is the smallest particle of an element that exists 
in any molecule 

A Com'pound is a substance whose molecule contains two 
or more kinds of atoms 

An Element is a substance whose molecule contains only 
one kind of atom 



PAST II. 
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PART II 

THE PERIODIC LAW 



CHAPTER I 

The Mystery op Matter 

We believe — we must belie ve^ lu this day — that'eve^^ffi^' 
in God’s umveise of woilcl and stars is made of atoms, in 
quantities x, y ox z respectively Men and women, mice 
and elephants, the red belts of Jupitei and the rings of Sat- 
uin are one and all are but ever shifting, ever varying, 
swarms of atoms Eveiy mechanical work of earth, air, 
flic and watci, oveiy criminal ict, eveiy human deed of 
love 01 valor what is it all, pi ay, but the relation of one 
sAvatm of atoms to aiiothei ’ 

Hctc, for ovamiile, is x swarm of atoms, vibrating, scin 
(illant, maitial, — they call it a soldier, — and, anon, some 
thousands of miles awxy upon the South Afiican veldt, that 
swaim dissolves, — dissolves, forsooth, because of anothei 
little swaiin, — they call it lead 

What a pluntasmagoiic dance it is, this dance of atoms' 
And what a task for the Master of the Ceiemonies For 
maik you the mutabilities of things These same atoms, 
mxybe, oi others like them, come together again, vibrating, 
clustering, interlocking, combining, and there results a 
woman, a flower, a blackbiid or a locust, as the case may 
be But to-morrow again the dance is ended and the 

(15) 
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atoms are far away, some of them are m the fever gen 
that broke up the dance, others are “ the green hair 
the grave,” and others are blown about the antipoc 
on the winds of ocean The mutabilities of things, a 
likewise the tears of things for one thing after anoth 

“Like snow upon the Desert’s dusty Face 
Lighting a little hour or two — is gone,” 

and the eternal, ever-changing dance goes on 
Now, whether we call the atoms God’s little servants 
the Devil’s agents, one thing is sure — that every acti 
of every thing, living or dead, within this bourne of tii 
and space, is the action of one swarm of atoms on anotli 
for without them there is but empty void 
Consequently, whether we consider the atoms as t 
startmg-plaee m our search for the One Thing, or wheth 
we thmk of them only as the foundation of all physi< 
action and being, they are the most important things 
the world to us, for they are us, physically at least, a 
any knowledge concernmg them or any relation betwe 
them has, therefore, to us poor people they condition, 
interest that is tragic 



CHAPTER II 


Tee Atoms of the Elements 

The names of the atoms are these 

International Atomic Weights (1904) 

0 = 16 


0=16 

A luminmm 

A1 

27 1 

Iron 

Fe 

55 9 

Antimony 

Sb 

120 2 

Krypton 

Kr 

81 8 

Aigon 

A 

39 9 

Lanthanum 

La 

138 9 

ARSENIC 

As 

75 0 

Lead 

Pb 

206 9 

Barium 

Bu 

137 4 

LITHIUM 

Li 

7 03 

Bismuth 

Bi 

208 5 

M Ti^ne&iiim 

Mg 

24 36 

Bor on 

B 

11 

MANGANESE 

Mn 

55 0 

BROMINE 

Bi 

79 96 

MERCURY 

Hg 

200 0 

Cadmium 

Od 

112 1 

MOLYBDENUM 

Mo 

96 0 

C cesium 

Cb 

132 9 

Neodymium 

Nd 

143 6 

Calcium 

Cl 

40 1 

Neon 

Ne 

20 

CARBON 

c 

12 00 

Nickel 

Ni 

58 7 

Cerium 

Ce 

140 25 

NITROGEN 

N 

14 04 

Chlorine 

Cl 

15 45 

Osmium 

Os 

191 

Chromium 

Cr 

52 1 

OXYGEN 

0 

16 00 

COBALT 

Co 

59 0 

Palladium 

Pd 

106 5 

Columhium 

Cb 

94 

PHOSPHORUS 

P 

31 0 

Copper 

Cu 

03 0 

PI itinum 

Pt 

194 8 

Erbium 

Ei 

16G 

Pot issiuni 

K 

39 15 

Fluorine 

F 

19 

Pnseodymmni 

Pr 

140 5 

Gadolinium 

Gd 

15G 

Radium 

Rd 

225 

Galh um 

Gi 

70 

RHODIUM 

Rh 

103 0 

Geiininiiiiii 

Go 

72 5 

Rubidium 

Rb 

85 4 

(Aw mum 

Gl 

9 1 

Riithemuin 

Ru 

101 7 

Gold 

Au 

107 2 

Samarium 

Sm 

150 

Ilthum 

He 

t 

Scandium 

Sc 

44 1 

HYDROGEN 

II 

1 OOS 

Selenium 

Se 

79 2 

Indium 

In 

111 

Silicon 

Si 

28 4 

Iodine 

I 

126 35 

Sir VER 

Ag 

107 93 

IRIDIUM 

2 

Ir 

193 0 

SODIUM 

N^ 23 05 
(17) 
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Strontium 

Sr 

0=16 
87 6 

Titanium 

Ti 

0=16 
48 1 

SULPHUR 

S 

32 06 

TUNGSTEN 

W 

184 0 

TantdLum 

Ta 

183 

Uranium 

U 

238 5 

Tellurium 

Te 

127 6 

Vanadium 

v 

51 2 

Terbium 

Tb 

160 

Xenon 

Xe 

128 

Thallium 

T1 

204 1 

YTTERBIUM 

Yb 

173 0 

Thonum 

Th 

232 5 

YTTRIUM 

Yt 

89 0 

Thulium 

Tm 171 

Zino 

Zn 

65 4 

TIN 

Sn 

119 0 

Zirconium 

Zr 

90 6 


These are the bricks of the universe, out of the permuta- 
tions and combinations of which all that exists is Among 
them you will find many long-known friends, such as cop- 
per, iron, sulphur, silver, and, let us hope, gold But 
though many of them bulk large m the world^s mass, others 
lie furtively in the hidden places of the earth, and are ob- 
tained and isolated only with infinite trouble and cost 
Thus, indium is four times, thorium nine times, caesium 
fifteen times, and very impure radium thousands of times 
rarer than gold, others are so rare that they cannot be 
bought at all, and only by one^s own pamstaking labor 
can they be brought to the light of day, such are kryp- 
ton, praesodjmmm, samarium Still others are both com- 
mon and rare For example, the silver-colored calcium is 
literally common as dirt, it lies on every stieet Seventy- 
one per cent of every barrel of lime is calcium, and yet 
calcium IS worth fourteen dollars a thimble-fuU The high 
cost of the element is due to the difficulty of extraction 
Now, what are these sphinxes Are these atoms sim- 
ple, independently created, undecomposable little exist- 
ences, or Vfill they tell a story of evolution from simpler 
existences m common with the rest of creation? What- 
ever story there is, they alone can tell it 
Our present question is Are they related to one an- 
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othci Now, if tlieie be any relation among these atoms, 
it should show m their weights The fiist thing, theie- 
forc, we shall notice is the number attached to each in the 
table above This numbei stands for the atomic weight, 
m other woids, foi the number of times heavier that 
paiticulai atom is than the hydiogen atom which is the 
lightest and the unit These numbei s afford an example 
of the highest accuiacy of hand and brain that science 
has to show It is tiue that if you look at the number 
attached to hydiogen you will find it placed at 1 008 in- 
stead of 1, as you would suppose, but that is for a certain 
reason that will soon be made clear 

PROUl’S HVPOTHE&IS 

In the early days when men first began to determine the 
lelative weights of the atoms, it was noticed that the atomic 
weights of quite a number of the elements, taking hydiogen 
as unity, weie citliei whole numbers oi very nearly whole 
numbcis, and m 1815 Piout suggested that this numerical 
leguluity could be explained on the assumption that the 
items of the diffeient elements weie simply condensations 
of the hydiogen itom, foi obviously if, foi example, the 
weight of the oxygen atom weie 16 md that of the caibon 
atom were exactlj 12 times as ho ivy is the hydiogen atom, 
then these little bodies could be exphined by assuming that 
they were built up of 16 and 12 hydiogen atoms respec- 
tively,— and theic would be an end of the mysteiy This 
idea was at fust vciy kindly leceived, but as men became 
moie and more accuiatc in their work, it was soon discov- 
eied that Piout’s method of calmly diopping the decimals 
iftei the whole numbeis as du( to expeiimental eriors would 
not do, noi would anything like it do 

It became evident that though many of the atomic 
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weights were curiously approximate to whole numbers, they 
were with positive certainty not whole numbers The 
atomic weight of oxygen, for example, is certainly not 16, 
but seems to be established as 15 879 
The decided approximation, however, referred to above, 
was certainly curious, and it soon became most conspic- 
uously so, for it turned out that by taking the atomic 
weight of oxygen as 16 and calculatmg the weights of the 
other atoms to that basis, a most remarkably large number 
of them became actually whole numbers, and another large 
number very approximately whole numbers The table of 
the atoms arranged above is arranged on the basis of 
oxygen =16, which for certain practical considerations is 
the favorite arrangement among chemists, and this ex- 
plams why the atomic weight of hydrogen =1 008 instead 
of 1, as we should expect 

If you care to look at this table, you will find that no 
less than 21 (marked in capital letters) out of the number 
are whole numbers to the second decimal place, that 17 (in 
Italics) are remarkably approximately so, and that the re- 
mainder drift along anywhere Now, that 21 out of the 78 
are actually whole numbers, cannot be accounted for as 
chance on the basis of the law of probability, nor can the 
wonderful approximation of the other 28 
Whatever the explanation of this curious approximation 
to symmetry, there is reason enough at anv rate to suspect 
strongly that there is some hidden relation here There is 
enough to whet our eunosity and to lead us on 

TRIADS OP DOBBBEINER 

Another curious and interesting discovery soon f-nma to 
light It became apparent that out of the list of elements 
little groups could be chosen here and there with strongly 
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conelated propoitics It was lu&t as though, in a com- 
pany of soldiers i used m the same village, little groups of 
brothers could be picked out, one hcie anti one there, owning 
to a strong frmily likeness Those little groups of corre- 
lated atoms aie known as theTiiads of Dobereiner Three 
such groups ai c given below 


AlOMIC WEIGH i 


Calcium, 40 1 

Chloi me, 

35 4 

Sulphur, 

321 

Btrontium, 87 7 

Bromine, 

80 0 

Selenium, 

79 2 

Baiium, 134 4 

Iodine, 

126 8 

Tellurium, 

127 5 


The elements caltmiii, stiontium and barium show chemi- 
cal similar itics to a leinwkible dcgiee They look much 
alike, art much alike, and in their vciy vuiations vary by 
stops The same may be sard of chlorine, bromine and 
iodine, or of sulphur, selenium and tellurium 

How the curious discovery alluded to above lies in the 
f lot that if you take the mean of the itomic weights of the 
first and third elements in any of these groups, you will 
obtain, appiovimatoly, but not exactly, the atomic weight 
of the middle one Thus 


Atomic weight 


35 4 

Calcium, 40 1 

Chloiine, 

Bauiim, 137 4 

Iodine, 

126 8 

1)1'77 5 


2)162 > 

Mem 88 7 

Mean 

81 1 

Atomic weight 
of Strontium, 87 7 

Atomic weight 
of Biomine, 

80 0 


Sulphur, 32 1 

Tellurium, 127 5 

Mean Atomic weight of Selenium, 79 2 
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You Will notice that the mean of the fiist and. third, atomic 
weights is not exactly the atomic weight of the middle one, 
but the approximation is so close as to excite remark and 
to inspire the conviction that there is some hidden reason 
for it At any rate our suspicion that the atoms are in 
some way or other i elated to one another is confirmed, and 
it will therefore surpnse us less to find ourselves confronted 
by a new discovery in 

THE PERIODIC LAW 

The Periodic System of the Elements, as we now have 
it, was discovered mdependently and almost simultaneously 
by the Russian, Mendel4eff, and the German, Lothar Meyer , 
though the germ of the discovery undoubtedly lay in the 
Octaves of Newlands 

In 1863 Mr John Newlands pointed out in a biief letter 
to the Cheniicd News that if the elements bo arranged in 
the order of their atomic weights, beginning with hydro- 
gen=l, and endmg with uranium=240, in a tabulai form, 
they naturally faU mto such groups that elements similar 
to one another m chemical behaviour occur in the same 
columns, and that, moreover, the number of elements be- 
tween any one and the next similar one is seven In other 
words, members of the same gi oups stand to one another 
in the same relation as the extremities of one oi more oc- 
taves m music T This leads us to think that not only may 
there be a relation between these little fundamentals of the 
universe but a veritable harmony 

Briefly and technically, the law states that ‘Hhe prop- 
erhes of an element are a periodic functzon of its atomic 
wenqhi ” 

This IS a very concise statement indeed of an extraordi- 
nary fact The statement means no more nor less than t1n.ci 
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That if you know the weight of the atom of the element 
you may know, if you like, its pioperties, for they are 
fixed 

Just as the pendulum returns again m its swing, just as 
the moon letuins in its orbit, just as the advancing year ever 
bungs the rose of spring, so do the properties of the ele- 
inentb peiiodically locui as the weights of the atoms rise 
To denionstiatc this fact, take some one specific property, 
for example, the atomic volume, which is the atomic weight 
divided by the specific giavity of the solid element, and 
aiiangc a table on a piece of enginoeiing paper in which 
the atomic weights read from left to right (the abscissas), 
while the atomic volumes read from bottom to top (the 
ordinates) Now construct a curve by jiiicking out the posi- 
tion of the ditteient elements in accordance with both their 
atomic volumes and atomic weights, and you will find your- 
self in possession of a 4able such as Fig 2 We see at once 

from this curve that the atomic volume is a periodic func- 
tion of the atomic weight As the atomic weight incieases, 
tfie atomic volume aUernately increases aiid decreases The 
jieiiodicity proclaims itself m the regularly recurring hills 
and valleys which constitute the curve Elements which 
iccupy similar positions on the five hills and valleys ha\ e 
markedly similar proper ties Thus, you will notice at the 
summit of each of the five hills, the symbols of the ele 
nients lithium, sodium, potassium, rubidium and caesium, 
all of these elements possessing amazingly similar properties 
Oi, again, find the little dot maiked S (bignifying sulphur) 
on the slope of the thud hill, and you will then notice a little 
dot maiked Se (selenium) and another Te (telluiiimi) in a 
ooiiespondingly similar position on the other two hills re- 
spectively These elements have stiikingly similii propei- 
iicR Tike now another property altogethei, let us say the 
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AssomTETEMPEBATURE^ meltiiig-pomt of tliE element s, and make 
° a similai diagram (Fig 3) You get 
a curve remarkably like the first one, 
with this exception, that the elements 
which weie at the top of the first cuive 
are now at the bottom The melting- 
point curve IS as strictly periodic as the 
volume cuiie and of the same general 
shape Notice the regular irregularity 
of the two curves, and notice also, if 
you will, that theic is not only a peri- 
odicity but a double periodicity, as 
shown in the little hump on the slope 
of each hill of the curve Similar 
curves may be constructed for many 
other properties Can we imagine, 
then, that these atoms, these little in- 
visibilities, in which w c all live and 
move and have oui being, are separately 
created, aibiti inly made, unrelated in- 
dividuals ’ Hardly so, for they are ob- 
viously created in accoi dance with 
some scheme Would that we might 
understand this scheme all and in all ' 
It would be avciitable glimpse be- 
hind the veil of existence But if we 
cannot read fiom Alpha to Omega, we 
may spell out what we can, leaving fu- 
ture letters foi future men, perforce 
content that if in this cryptogram of 
the universe w e know indubitably that 
there is a cryptogram to be read, we 
have at least come to the beginnmgs of 
knowledge 





CHAPTER III 


The Table op the Law 

This periodicity of the atoms of the elements and the 
fact that they exist in accordance with a definite scheme 
is very beautifully shown in the table devised by Men- 
deldeff, from which additional hmts may be obtained For 
purposes of study we shall first consider the first part of 
the Table of the Law as originally formed by Mendeleeff 
(Fig 4) 



I 

II 

III 

IV 

V 

VI 

VII 

VIII 

B 



■ 






2 

Li7 

Be 9 

B 11 

C 12 

N14 

016 

FI 19 


3 

Na23 

Mg 24 

A1 27 

Si 28 

P 31 

S32 

Cl 35 5 


4 

K39 

Ca 40 


Ti 48 

¥51 

Cr 52 

Mil 55 

Fe 56, Co 59, 
Ni59 


Fig 4 


Leaving out hydrogen for the present as having no part 
in the scheme, and beginning with lithium, you will observe 
that if we arrange the succeeding elements in the order of 
their atomic weights up to fluorine, that the next or eighth 
element, sodium (Na), has properties similar to lithium 
If, then, we place sodium m the same vertical column with 
lithium and then arrange the next elements m the order of 
their atomic weights, we observe that magnesium falls in 
(26) 
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tlie same columa witli beiyllium, aluminum with boron^ 
silicon with carboU; phosphoius with nitrogen^ sulphur 
with oxygen^ and chloiine with fluonne, — all of them 
very much alike in then propertie=?^ in pans This is, of 
couise, sufficiently leiaarkable, but let us begin the thud 
hue with the next element — potassium (K) It fills 
sti Tight into place in the same column with sodium and 
lithium, winch it greatly lesembles, calcium with beryllium 
and magnesium, titanium with carbon and silicon, vanadium 
with nitiogen and pliosphoiuS, chiomium with oxygen and 
sulphur, and minganese with chloime and fluorine Sink- 
ing analogies again appeal between the three members of 
each gioup The inembeis of each gioup have reinaikably 
similar piopeities We now see m this scheme, so far, a 
veiification of the Triads of Doberemei, for the three ele- 
ments m each gi oup constitute a ti lad of the kind discov- 
eied by him We see, also, that it is a verification of the 
Octavos of Newlands But Newlands, as we shall see, had 
but a faintest glimpse of the sveep of this bold geneiil- 
ization, which laid stress not only on the fact that e\ery 
eighth element lesembled the first, but also on the penodicity 
of the phenomenon In older to grasp the meaning of this, 
let ns notice that to make this arrangement tiue and valid, 
he found it nccessrry to leave a blank space in Gioup 
Senes 4, foi some element hitherto undiseoveied, — and not 
( on tent with this, he pioceeded to pi edict the piopeitie- 
it should possess 'lohen discovered^ 

Heie IS the full Periodic System of the elements as it 
exists to-day 
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Table of the Periodic Law (Mendeldef 1904 ) 
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H 

P 

& 

1 


'p' 

'g II 

s II 
o o 
oo 

CO 

g 

s « 

Wpc< 

'55 

l« 

■si 

Sl 

Po 

l§ 

II 

|s 

s II 

555 

Osmium Indium Platinum 

0s=191 Ir=193 Pt=194 9 (Au) 



1 



Fluorine 
F=19 0 

Chlorine 
Cl=35 45 

Manganese 
Ma=55 0 

Bromine 
Br=79 95 

1 

Iodine 

1=127 


1 

1 

1 


Group YI 



Oxygen 
0=16 00 

p II 

L 

oo 

Selenium 

Se=79 

Molybdenum 
]Mo=90 0 

Tellurium 

le=127 

1 

1 

b 

1 

Pranmm 

U=239 

Group V 



fill 

;25izi 

Phosphorus 
P=31 0 

Vanadium 

V=614 

oo 

31:3 

o V 

u 

S® 

2^ 

fi 

|2iS 

Antimony 
Sb==120 0 

I 

1 

Tantalum 

Ta=183 

Bismutli 
Bi=208 ' 

1 

Group IV 



Carbon 
C=12 0 

Silicon 
Si=28 4 

Titanium 

Ti=481 

pco 

g '1 

U 

o 

O 

§8 

2 11 
NN3 

2® 

rH 

P 

CO 

Cerium 

Ce=140 

1 

1 

rd 03 
Po 

11 

S 

Thorium 

Th=232 

B 

p, 

§ 

5 



Boron 

B=110 


§ II 

Gallium 
Gd=70 0 

Yttrium 

A=890 

Indium 
In=114 0 

Lanthanum 

La=139 


Ytterbium 

Yb=173 

Thallium 

Tl=2041 

I 

Group n 



I 

iH 

^ll 

Magnesium 
Mg=24 1 

Calcium 

Ca=401 

OTf( 

rl@ 

N u 

P 

Strontium 
Sr=87 6 

Cadmium 
Cd=112 4 

Barium 
Ba=137 4 

1 

1 

§ II 

11 

Group I 


Hydrogen 

H=1008 

Is 

Sodium 
Na=23 05 

Potassium 

K=391 

Copper 
Cu=63 6 

1- 

5 11 

Silver 
Ag=107 9 

go 

m 

g II 

1 

1 

Gold 
Au=197 2 

1 

& 

1 

1 

tS3 



s® 
S II 

« o 

ww 

pcs 

12h II 

Argon 

Ar=38 


Krypton 
Kr=81 8 


Xenon 

Xe=128 


1 


1 

DO 

<u 

o 

iH 


CO 


la 

to 

t- 

00 

0 

s 

a 

01 

1—1 
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This periodic law of the ‘itoms is God’s alphabet of the 
uuuc'isc' By means of it, ind by iiuniis of it only, can 
vv( ('v('i hope to spell out the histoiy and the futuie ot 
(K'.ition It lies heie beloie us lacking only the master 
woid — th(' open sesame — to cicition, and, who knows, to 
th(> t'le.itoi, too'* If the system weie legulii, completely 
symmetiieal, we should euthei unde island the mystery — 
that IS, theic would be' an end of the mystery xltogethei— 
01 W(' should foK'vei be' be'yonel the hope ot solving it But 
the ele'light ot it is, <iiiel the hope of it lies in its legulai iiieg- 
uliu it y Leaving toi the moment the whims and eapi ices of 
the law that const it ute its iiicgulaiities, let us turn, fiist, to 

Till' HI’ e.lTLAlll ni. S OP THE lAW 

A glance at the t'lble (Fig 5 ) will mfoim tliorcadei that 
('aeh ot the elements ol iiuttei has a little eonipaitment of 
its own m the table This eomiiaitment belongs to it, and 
the* e'h'iiK'iit will lelusc' to go anywhoie else 

To eleiiionstiate this, we may fix oui attention upon any 
one ('leme'iit and eonside'i it m its le'lition to the othei ele- 
iiu'iits which he e'lthe'i nXiihot uonlal oi m u'cri/fedhne with it 

The I'leiiK'iits which he hoii/oiitally W'lth le'lc'ience to any 
givc'ii ('lenient ik' calk'd i screes, those which he veitically, 
a <iioHp 

I’Ik' ae tual position ol any one c'k'ment in the t ible is fixed 
holc'ly liy the wc'ight ol its atom, and once so fixc'd, its othei 
pi ope'i tie's follow as a m ittc'i ol neec'ssity liom its se'iic's uul 
gioup ic'lations 

Th(' ('lemeiits m any one series v uy by detmite steps, but 
thc'y aiC' slniiply dille'ic'iiti ite d liom one' inothei, and in 
apite of tin'll jnogic'ssive vaiiatioiis liom one side of the 
table' to the' otlu'i, thc'y aic' ol dilleie'nt types The ele- 
ments of a (/roup vaiy iiiogic'ssivc'ly lioin top to bottom, but 
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they closely resemble one another and are distinctively of 
the same type, indeed, we may go further, and say that their 
relationship is so pronounced that we are able to call these 
groups veritable natural families 
As an example of such group relationship let us consider 
the elements of Group II These elements are m the order 
of their atomic weight Beryllium, magnesium, calcium, zinc, 
strontium, cadmium, barium, mercury and radium Now, in- 
studying these elements, the curious fact crops up that while 
all the elements of the group resemble each other and are of 
the same blood, so to speak, they may, nevertheless, be 
divided into two sub-groups, the members of which are 
peculiarly like each other These sub-groups are 


Sub-group A 
Calcium 
Strontium 
Barium 
Radium 


Sub-group B 
Beryllium 
Magnesium 
Zinc 

Cadmium 

Mercury 


The relations between the two sub-groups may fairly be 
expressed by saymg that calcium, banum, strontium and 
radium are sister elements and bear only a cousinly relation- 
ship to beryllium, magnesium, cadmium and mercury 
The curious nature of this double relationship in a group 
IS accentuated by the fact that every other group is divided 
in the same way mto two sub-groups showing similar rela- 
tionships Attention has been drawn already to a double 
periodicity m the curves of the atomic volumes and melting- 
pomts, and this double relationship m the group is the logical 
consequence of it How clearly related m their properties 
these sister elements are, may be seen m the subjoined 
table (Fig 6) 
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Element 



Barium 

Atomic Mass 

40 

88 

137 

Specific Giavity 

IG 

■■1 

36 

Carbonate Dissociates 
Tciiipciature 

600° C 

1100° c 





Oiams of oxide 

Soluble in a Liter of 
"Watei at 15°C 

132 

18 

50 




Heat of Formation of 

Cliloride Units 

170 

185 

195 





Fig 6 


A glance at this table shows then striking similarity of 
behcWiom, oyen in the most vaned propeities This simi- 
hiiiy IS so gieat that in geneial teims, x may be written^ 
standing toi eithei calcmm, stiontium oi baiiiim, in any 
chemical leaetion The chief puipose of the diagram, how- 
(wei, IS to show that even as they vaiy from one another, 
they vaiy piogiessively ind m definite steps Notice in the 
(hagriin that as the atomic weight uses, so does the specific 
giayity, the temperatuie at which then carbonates dissoci- 
ite, the solubility of their hydroxides, and the heat of forma- 
tion of then chloiidcs 

Suppose, now, we take another group, say Group VII, 
known as the f imily of the Halogens This group consists, 
IS usual, of two sub-groups 

Suh-group A Sub-group B 

Fluoi me Manganese 

Chlorine Samarium 

Bromme 
Iodine 
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Concerning Sub-group A, we find m the table (Fig 7) 
the same progressive variation in steps 


Peopekties 

FXiTJOBINE 

CHLORINE 

BHOMINE 

Iodine 

Atomic Mass 

19 

355 

80 


Bolling Temperature 

-187° C 

-33° 

+ 

4-184° 

Specific Gravity 




6 (solid) 

Umon with Hydro- 
gen takes place 

In the dark 
at ordinary 
tempera 
tures 

In sunlight 

At red heat 

At red heat, 
but incom- 
pletely 





Heat of formation 
of Hydrogen Com 
pound 

376 

heat umts 

22 

8 

-61 

Stability of Hydro 
gen Compound 

Most stable 

-j . 

Decomposed 
at 1600°C 

Decomposed 
at 800°0 

Decomposed 
at ISO'^O 






Fig 7 


Thus, if fluorme will do a certam thmg, chlorine will do 
it more, bromme stdl more, and iodine most Or, it may 
act the other way If fluorine does a certain thmg, chlorme 
will do it less, bromine stdl less, and iodine least of all The 
important thing is that as the elements vary, they vary 
progressively m steps as the atomic weight rises The di- 
rection of the arrows in the table shows the direction of the 
progressive change for each property Now what holds good 
for Groups II and VII holds equally good for every other 
group of the system As a matter of fact, the elements of 
matter fall naturally mto a senes of groups Each group 
falls naturally mto two sub-groups, which have m certain 
properties an unmistakable relation to each other, whde the 
constituent members of each sub-group resemble each other 
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to an extent so remarkable that m general teims it may be 
said that what one will do the others will do, and that in 
their very differences they vaiy progressively m definite 
steps Furthermoie, all these lelations are true because of 
the law illustrated in the curves of the atomic volumes and 
melting-points, that the properties of an element are a 
periodic function of its atomic weight 
3 



CHAPTER IV 


The Testing op the Law 

When once the weight of the atom of an element is known 
the properties of the element are fixed Theie is a fatality 
about it 

How true this is may be aptly illustrated Turn to the 
table of the law (Fig 5) and note in Group III the third 
and fourth elements, Sc (Scandium) and Ga (Gallium), and 
in the fourth group the fourth element Ge (Geimanium) 
When Mendelcefl enunciated his law and made his table 
ongmally, he found it necessary, in order to make the table 
true, to leave these three spaces vacant for undtsccnered 
elements, and, not content with this, he proceeded in 1871, 
on the basis of the law, to predict the properties which these 
elements should possess when discovered 

Think of the presumption of it, that out of the seventy- 
eight odd substances of which God had made his univeise, 
three were missing ' And that these three possessed proper- 
ties which he proceeded to specify with extreme minute- 
ness These, three hypothetical elements he named eka- 
boron, eka-aluminum, and eka-silicon, “little imagining,” 
as he says himself, “that he would live to see the verifica- 
tion of his predictions ” 

But so it was, for out of the night of the unknown, one 
after another came to meet him One from the hills of 
Scandinavia, another from the Pyrenees of France and 
a third from the mines of Geimany The thiee elements 
were named scandium, gallium and germanium, and they aie 
(34) 



THE TESTING OE THE LiKW 


35 


not only very like but they actually are the predicted ele- 
ments eka-boron, eka-alummum and eka-silicon respec- 
tively How unquestionable this fact is may be readily 
seen from, for example, a compaiison of Mencleleeff’s eka- 
boron with the scandium afterwards discovered by Nilson 

Ela-horon Scandium 

Atomic weight 44 Atomic weight 44 

Oxide EbPj Oxide ScA 

Sulphate less soluble than Sulphate less soluble than 
aluminum sulphate aluminum sulphate 

Carbonate insoluble in water Caibonate insoluble in water 
Salts colorless and foim ge- Salts colorless and form ge- 
lc 4 .cmoiis pi ecipi tales with latinous piecipitates with 
potash and ammonia potash and ammonia 

predicted proper ires are identical with the properties 
lound The hypothetical element discovers itself m scan- 
dium 

In like mannci the other two elements discovered them- 
sdves in gxllium and germanium Wc see m this suceess- 
lul thiee-lold prediction the scope and power of the periodic 
liw as an instium-cnt of research We see convincmgly 
that the hw must be the expression of a fact Suppose 
that an astiologoi informed you that youi horoscope led 
him to believe that you would meet, sometime in youi life, 
three men, and that with the utmost pnticuluity he told 
you then weights, the color of thou haii, the size of then 
noses, and, in i word, all the habits of mind indbodysuffi- 
(u lit to diflerenti ite them positively tioni all other men, and 
suppose, moicovei, that you met these men possessed of 
(qualities identical with the desciiption predicted You 
would believe m astrology 

Astrology cannot do these things, but chemistry can 
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because of the periodic law Therefore we believe m the 
periodic law We believe that the weight of the atom 
of the element fixes its properties and its position m a 
great scheme of relationship You will find many blank 
spaces still m the table of the law ready for elements yet 
in the womb of the future So thoroughly does the chem- 
ist believe in this law that he has not hesitated m several 
instances to put certam ^'refractory” elements "in their 
places ” Thus, indium, beryllium and uranium would not 
fit properly into their proper compartments m the table 
on the basis of the old determinations of the atomic 
weights Renewed mvestigation, however, showed the er- 
rors of these old determinations, and * the new atomic 
weights, accurately adjusted, allowed them to fall straight 
into the positions to \vhich they naturally belong m the 
table, and which they hold to-day 
One concluding and conclusive test of the validity of the 
law was found m the discovery of the rare gases of the 
atmosphere by Lord Rayleigh and Sir William Ramsay 
The history of their discovery is mterestmg In 1893 Lord 
Rayleigh undertook to determme the density of nitrogen with 
all the accuracy of present-day science To his astonish- 
ment, he discovered that nitrogen from the air and nitrogen 
from chemical compounds did not weigh the same The dif- 
ference was small but exasperatmgly constant Out of this 
curious anomaly arose the (hscovery of a new and hitherto 
unsuspected element of the air which had been weighed as 
nitrogen and considered as nitrogen by all preceding chem- 
ists This new element was named argon and it constitutes 
nearly one per cent of the air we breathe Subsequently 
this argon ” was discovered to be itself impure, and 
from it were isolated four other elements, helium, neon, 
krypton and xenon These five new elements are all 
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alike m this that they differ fiom all other elements %n 
having no combining power whatever It has been found im- 
possible to make them unite chemically with any other 
substance in natiue They thus constituted a new and 
separate family of elements for which theie seemed to be 
no place in the periodic law Now the law undei takes to 
find a place foi any and eveiy element in natuie The 
validity of the law was thieateiied The case was sciious 
Let us see how neatly and completely the law was vin- 
dicated One of the most cuiious facts in connection with 
the pel iodic law is the legulai inciease m the valence of 
the Gioups By valence is meant the po'wei of an atom 
to unite chemically with othei atoms, m othei words the 
giabbing-powei ” of the atom If we considei these val- 
ences, for the piesent, as so many little aims to hold on 
with, we find that the elements of the different groups, 
from Gioup I to Group VIII, have 1, 2, 3, 4, 5, 6, 7 and 8 
aims respectively This vaiiation in the giabbing-powei ” 
is well exemplified m the way in which the atoms m (let us 
say) Senes 3 unite with fliioimc to foim fluoiides 

1 atom of sodium unites with 1 itom of fluoime to foim 1 molecule of fluoiid© 

1 “ maf,nesium ‘2 ‘ 1 ‘ “ 

1 iluminum d ‘ » u 1 ( < i ti 

1 ‘ silicon “4 “ ‘1 < a 

1 “ phosphoius 5 “ t t 1 ^ <( I a ti 

1 “ sulphui “6 « ‘ “ 1 “ “ ** ‘ 

— while the element chlonne does not unite with fluorine at 
all, owing appaiently to the fact that they both belong to 
the same family, arc ilike in then nature, and aic, so to 
speak, sistei elements 

Now these five new elements, helium, noon, aigon, kiyp- 
ton and xenon, have no combining powei whatevei, no 
aims at all, so to speak, hence they should constitute a 
sepai itc group coming bcfoic Gioup I, the members of which 
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have one But will they fit into such a position? Indeed 
they wiU, their atomic weights thrust them naturally and 
inevitably mto that very place, thus 


Seeies 

Zeeo Geotjp 

Geoijp I 

2 

Helium 4 0 

Lithium 7 03 

3 

Neon 19 9 

Sodium 23 05 

4 

Argon 38 

Potassium 39 1 

5 


Copper 63 6 

6 

Krypton 81 8 

Rubidium 85 4 

7 


Silver 107 9 

8 

Xenon 128 

Caesium 132 9 

9 



10 




The law, therefore, which seemed at first assailed, was 
amply capable of takmg care of itself, and the new and in- 
teresting family in the commonwealth of the elements finds a 
fittmg home m the Zero Group of MendeMetf’s latest table 
(Fig 5) 

As an extra-conclusive and final test of the law, look at 
the space m Group 2, Senes 12, m this same figure (Fig 5) 
Wonderful as that element is, and much as we shall have to 
speak of it m succeeding pages, its atomic weight leads it 
mevitably mto its proper place m this system of the ele- 
ments, directly under barium, of which in its chemical 
properties it is a sister 





















CHAPTER V 


The Significance oe the Latv 

In the foregoing pages we have been confionted with, a 
senes ot extraordinary facts concerning the atoms of the ele- 
ments of inattei and it now behooves ns to seek earnestly 
for the cause of it all 

The icmaikalile appi oximation to legulaiity m the atomic 
weights, as obseivcd in Front’s Law, the Triads of Do- 
beicinei, the Octa\es of New lands, and, finallv, the summa- 
tion ol the inyslciy in the Periodic Law makes a most 
iinpicssive dc nionsti ition of a scheme of airangement 
among the atoms No such scheme could be the lesult of 
meic clianu' on the bi&is of the theoiy of probability This 
scheme of luangcmcnt must mean something, and this 
something must be fund unen tally iinpoitant 

The mam chuactciistic of the whole scheme isrelation- 
shif The elements aie unquestionably not fragmentary, 
uni elated ficts m natuie They aie i elated to one another 
in a very leal sense , and it is an cxpicssion of this iclation- 
ship thit we must sick in the moaning of the law We 
may begin c ithoi by issuming that the atoms are simple, 
uiuleconipos inl< , sepiiatoly cieited, ultimate things, oi 
that they aie not Theio is no terhum qmd If the atoms 
aie in fact ultiinates, then you will seek in vain for any ex- 
plain tion of the foregoing mysteiy Theic positively is no 
concciv iblo explanation 

If, on the contiaiy, you assume that they aie made up of 

( 39 ) 



40 


THE NEW KNOWLEDGE 


pai ts, then the fact of relationship may be explamed m a 
simple, rational manner 

For if the atoms are not simple, but on the contrary aie 
made up of component paits, then these parts would, of 
course, unite together m certain numbers and m certain 
ways to constitute the composite bodies we call atoms, 
just as the atoms unite in vauous numbers and in various 
ways to constitute the molecules of compounds, and it is 
reasonable to assume that they actually would do so Thus, 
among the compounds of carbon, we are acquamted with 
series of compounds, which in vanations of molecular weight 
and gradation of properties bear a strikmg resemblance to 
the elements when arranged after the fashion of the 
Groups in the penodic law For example, we have the 
senes 


CH^ 

Molecular wezghi 
Methane 

16 

CA 

Ethane 

30 

CsH, 

Propane 

44 

CAo 

Butane 

58 


Pentane 

72 


and a list of others up to a compound of the formula 
CjoHj 2 m which, with a regular increase of 14 in the 
inoleculai weight, there is a regular variation in their prop- 
erties m such a way as to constitute them a definite group 
Therefore, if groups of atoms may unite together to form 
bodies with correlated properties and group relationships, 
why should not groups of sub-atoms unite together to form 
the atoms with similar group relationships ? Agam, in 
chemistry, we occasionally find httle groups of atoms 
actually playmg the r61e of elements Thus, the httle 
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group NH4, known as the ammonium group, will pass 
Irom compound to compound maintaining its integiity and 
behaving muvellously like the element potassium 01 sodium 
AVc see, therefoie, that gioups ot atoms mcay simulite the 
elements of matter, and we see, moreover, that the scheme 
of rekationship and periodicity of piopeities, unquestionabl} 
evident m the elements, finds a reasonable and natural ex- 
planation m the assumption that the atoms of the elements 
ire made up of sub-atoms, which act m the atom just as 
the atoms act in the molecule It is all natuial, reason- 
ible and, indeed, inevitable One thing is needed, the ex- 
istence of a body smaller than an. atom, and it will be one 
impoitant business of our book to seek and find this tiling 
But the bale fact of sub-atomicity is not the only secret of 
the periodic law We have spoken not only of gradation 
of piopeities, hut of similiiity and relationship TV e have 
spoken of the elements as sisteis and cousins, in other 
woids, of a lecal relationship, not an analogous one If we 
may speak of sisters and cousins, why not of fathers and 
motheis, and even giandfathers Throughout all biological 
science family lelationship is taken indubitably to mean 
common oiigin Evolution is based on this assumption 
TYhenevei the biologist finds a soiiesof oiganisms, vegetable 
01 animal, betiaymg m then stmeture manifold likeness 
of form, he says at once These organisms have had a 
common ancestiy, they have been evolved, all of them, 
from some one simpler foim Now it is this veiy form 
of argument that takes us inevitably to the conclusion that 
the atomic families, themselves, since they show family re- 
lationships as shaiply defined as any to be found in biology, 
are of common origin and descent, and that the atoms, as 
we know them, are the product of an evolution an m- 
orgo/yiic evoluttoTi It will be anothei important part of the 
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business of our book to seek and find the sufficient evidence 
of the evolution of the atoms 
So fai as we have gone, oui conclusions do not lest on 
positne 01 absolutely demonstiative evidence It is pr§- 
sumpti\ e Cl idence, the simple fact bemg that, with these 
two foiegoing conclusions taken as assumptions, things are 
explained, not taken as assumptions, nothing is or can be 
explained 



PART III 


GASEOUS IONS 





TAUT m 


GAbPOUS ION'S 

CHAPTER I 

Gases From the Standpoint of Physics How They 
Conduct Electricity 

In the foregoing pages an attempt has been made to 
show above eveiy thing else the necessity of finding some 
one thing to explain oui explinations We have learned 
that there is a stiange law that binds togetliei the diveise 
elements of mattei ^ and tins law has led us to the very 
reasonable conclusion that the atoms of matter aio com- 
posite particles^ built up of pai tides smaller still; and that 
the atomS; as we know them, have xoiobably undeigone 
some foim of evolution fiom simiiloi conditions 
But we have no positive proof of tins It is sinijily a 
leasonable hypothesis, bised upon observed facts, and^ 
nioieovei, even if avc actually had this pi oof we should 
not be able to explain the me ining ot the penodic law 
and the inystiiy of mattei The One Thing is missing^ 
and Avhile the chemist may tc 11 us of a certain seardi he 
has, he cannot give us the actual toudistone of truth that 
we demand We must, theiefoie, abandon the chemist 
to his retorts and crucibles, his buiettes and condensers, 
and betake ourselves elsewhere Preferably, we should go 
to the laboratory of the physicist 



( 45 ) 
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Here, we are m another world Instruments of infinite 
precision surround us, optical, electrical and magnetic, and 
the whole atmosphere of the place tingles with accuracy 
Things are the subject of mvestigation, to be sure, as they 
are m the chemical laboratory, but they are looked at in a 
different way The subject of the atom is as mteiestmg 
to the physicist as it is to the chemist, but the method of 
attack IS different 

As a good example of this difference of method, consider 
the subject of gases, with which we must now occupy our- 
selves m order to discover the first clue to the One Thmg 
which IS the object of our search The chemist, of course, 
considers mainly the chemical properties of gases, their 
action on other bodies and the products of the action The 
physicist, on the contrary, considers primarily the physical 
properties of gases, to hun the particular gas involved is 
more or less a matter of mdifference, for m their physical 
properties all gases are wonderfully alike which is very 
readily shown in the veiy similar manner m which they ex- 
pand and contract under the mfiuence of pressure and heat 

The physical property with which we are most con- 
cerned in our search is the electrical conductivity of a gas 
All gases m the normal state conduct electricity to a slight, 
but only to a very slight, degree If the air, for example, 
were to any marked degree a conductor, it is obvious that 
telegraph wues would be impossible, for the electricity 
would leak away The air, however, does possess a very 
shght conductivity, and this may easily be demonstrated 
by a little instrument known as the electroscope 

The electroscope may be made by attaching a thm strip 
of gold leaf to a vertical, insulated brass plate If the gold 
leaf and brass plate be electnfied, the repulsive force be- 
tween the portions of the same charge causes the gold leaf 
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to stand out at an angle which measuies the amount of 
electrification Expeiience always shows that the charge 
leaks gradually away, Fig 8, and the gold leaf falls slowly 
down to the brass plate So small, howevei, is 
this leakage that physicists have fiom time to 
time refused to believe that the an or sur- 
rounding gas had conducted it away of itself, 
and have ascribed the leakage cithei to defect- 
ive insulation or to the presence of dust parti- 
cles in the gas concerned Nowadays wo know 
positively that such leakage does really occur 
through ail or any normal gas, and that, con- 
sequently, we must call a gas, to that extent, at Btass 
least, a conductor 

In many ways this slight electrical conductiv- ^ 2n- 

ity of a gas may be mci eased Gases become gle of Electu- 
conductible, foi instance, (1) when they aie fioation 
heated up to a certain point, oi when they aie drawn from 
the neighbouihood of flames oi an electric arc, (2) when 
they have recently been m contact with glowing metals or 
carbon, and (3) when they have diflused through a space 
through which an electiic dischaigc is passing or has passed 
Again (4), a gas becomes conductibL when X-iays pass 
through it, 01 (5) cathode rays Further (6), the mere 
presence of certam substances is sufficient to cause this con- 
ductivity — substances such as the compounds of uranium, 
thoiium, radium, polonium and actinium And, finally (7), 
gases become conductors under the mfluence of ultra-violet 
light, or (8) when they aie passed over molten phosphorus 
or bubbled through water 

Having, now, learned so much of the electrical conductiv- 
ity of gases, we must proceed, in another chapter, to dis- 
cover where this knowledge leads us in our search 



Fig 8 

(An Electro 
scope ) 



CHAPTER n 

Discovbey of Ions A New Kind of Paeticles 

The fact that gases ordinarily possess but a slight elec- 
trical conductivity may not seem particularly impressive, or 
even the additional fact that this conductivity may be 
vastly increased, until, indeed, they become very good con- 
ductors Yet this simple-seeming fact is destined above 
all others to mformmanof some of nature’s most carefully 
guarded knowledge Some facts, it may be observed, are 
pregnant with the meanmg of a universe , and this is one 
of them 

Starting, then, with this apparently unimportant fact, we 
may best begm our study with a candle flame Bring the 
candle up to the httle charged electroscope Observe that 
the leaves coUapse, verifying the fact previously stated, that 
the gas m the neighbourhood of a flame is a conductor of 
electncity Knowing this, it is important to And out why 
And we discover the why m the properties of the conducting 
gas 

In the first place, the gases which come from the flame 
retain their conductivity, even after they have got some dis- 
tance away and have been cooled by the surroundmg air. 
It has been proved that such a gas will retain some con- 
ductivity SIX or seven mmutes after it has left the flame 
Fig 9 You may prove it for yourself by drawing the 
gas from the flame over the leaves of the electroscope 
situated at some distance, under which conditions the 
leaves collapse, thus showing that the gas retams its 
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conductivity foi the time taken by it to travel from the 
flame all the way to the electroscope 
AVe may now suppose ourselves seeking help from the 
chemist AVhy/^ he will say^ the gas from the flame 
contains nothing but carbonic acid and watei There is 
nothing lemaikable m such things ” 

Very tiuo/^ we say, but it contains conductivity 
“ Conductivit} is a condition/^ he will reply, not a 
thing 

But are we sure of that Let us filter the gas from the 
flame through a wad of glass wool befoie it arrives at the 

To Pump I 


A 

1 

Fig 9 Apparatus for show mg that the air ret ims its conductivity 

electroscope, oi let us bubble it through water, instead If 
this bo done veiy caicfully, the astonishing ic^ult be- 
comes evident that every trace of conductivity is re- 
moved' And puisumg oui experimentation, we discovei 
that the conductivity may be removed, as well, by mak- 
ing the gas ti averse a space thiough which a cuiient of 
electricity is passing 

The explanation, then, is clcai The conductivity can- 
not be a raeic condition If we can blow the conducting 
ail about fiom one place to anothei, and if, moieovei, wo 
( m filtei it flee fiom conductivity by passing it thiough 
wool 01 bubbling it thiough watei, it is obvious enough 
4 
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that this conductivity must be due to an actual some^ 
thing mixed with the gas, this something being removed 
bj filtration 

It is also obvious that this something — since the gas is 
perfectly transparent — ^must be in the nature of particles, 
and that these particles, which, it must be remembered, 
are conducting particles, must be different from the par- 
ticles, or molecules, of the gas m the normal state The 
further fact that these particles may be removed by mak- 
mg the conductmg gas traverse a space through which a 
current of electncity is passing shows that the particles 
must be electrified, and since, moreover, the conducting 
gas as a yhole shows no charge that these particles must 
be both positive and negative This latter fact is also 
shown in Fig 10, which illustrates the division of a flame 



Fig 10 Showing the division of a flame into two parts by placing 
it between oppositely charged plates 

into two parts, one part positively and the other nega- 
tively electrified, simply by placing the flame between two 
oppositely charged plates 

e have been led, then, to the discovery of certam elec- 
trified particles m the conductmg gas These particles are 
called ions, and the process by which the gas is made into 
a conductor, the ionisation of the gas 



CHAPTER III 

Discoveey op Corpuscles 

With the discovery of gaseous ions, we have evidently 
lighted upon a new kind of particles about which nothing 
lb said m the chemistries, and, of couise, the questions 
immediately arise What are these ions? Do they exist 
only in gases? Are they molecules, oi atoms, or, what is 
most important to us, aie they less than atoms? What is 
the meaning of then electrical qualities? We may best an- 
swer these questions by considering, now, the ionisation 
pioduced by glowing metals oi by carbon 
The effect of this agency may leadily be shown by means 
of the appaiatus shown in Fig 11 It is a glass vessel con- 



Fig 11 Apparatus foi studying the ions from a hot wire 

(51) 
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taming an insulated metal plate, A, which, is in connection 
with an electrometer, underneath this plate there is a 
fine metallic wire, which can easily be raised to incandes- 
cence by an electnc current passing through it from C to 
D Taking, first, the case m which the air within the ves- 
sel IS at the ordinary pressure of the atmosphere, it will 
be observed that, as the wire grows hotter and hotter, un- 
til it ]ust begins to glow, the metal plate receives a charge 
of electricity, and, furthermore, that this charge is posi- 
tive It will next be observed that this charge steadily grows, 
until the wire is at a yellow heat, when it is at a maxi- 
mum, and that, after passing this stage, it diminisiies rap- 
idly with the mcreasmg temperature of the wire, until, 
when the wire reaches a bright white heat, the charge re- 
ceived by the pl£(,te is very small 
So far, we learn that not only may a hot wire as well 
as a candle flame constitute an electric battery, but that 
these gaseous ions, which pass from the wii e to the plate, 
need not necessarily convey both kmds of electricity, but 
may convey one kmd only, that kind being posxttve At 
this stage of the experiment, then, and while the wire is 
stiU hot, pump out the air within the vessel, which, it must 
be remembered, has so far been at the pressure of the 
atmosphere At first, little change will be noticed in the 
positive charge upon the metal plate, but as the exhaustion 
proceeds, at a certam pomt, dependmg upon the tempera- 
ture of the wire, the sign of the electricity upon the plate 
changes It is now negative, not positive , and when almost 
all the air — ^but not quite all — has been pumped out of the 
vessel, this negative charge may reach a high value 
We learn by this that the gaseous ions comprise particles 
of two kmds, one carrying positive electncity and the other 
negative, and we are now in a position to understand why 
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the positive (huge on the pi lie decieased xs the tempeia- 
tuic lose iliove i c(mI im point It wis obviously because 
at i( 0 it<uu tdiipcuaiuie lugitive pu tides began to bo 
evolved is amH is jiosiinc^ uid Huh flying side by side 
AAith the posiiiAe iiiitulis lioin th(' wne to Hie pliie^ thc'y 
tended to nuiti due lh(‘ii dlcnt Thus, i low tenipeiatmo 
ind a high pussme aie favoi ible to the pioduction of posi- 
tive ions, and, conversely, a high teinpeiatuie ind i low 
piessuic u(' 1 ivoi ible to the pioduction of negative ions 
Thesc^ iKgitue piiticles, oi ions, owing to the impoi- 
hinc e tlu'Y h ive dcweloped, ue given a special name They 
arc called corpusdch 



CHAPTER IV 


Factoes of a Coepuscle An Experimeiitt 

Conceming corpuscles, we have so far found that they 
are little bodies, laden with negative electricity, dancing off 
from glowmg metals, mcandescent carbon or gas flames, 
and we have now a very reasonable cuiiosity to know 
(1) how fast they travel, (2) what electric charge they 
carry, and (3) what they weigh If we but knew these 
three elements, we mav be sure we should know the corpus- 
cles fairly well, so far as their extrmsic qualities go And, 
if our search is to contmue, it is to the discovery of these 
elements that we must now proceed 

These values are readily determmable for corpuscles as 
they fly off from hot metals, but it may be more convenient 
to derive them, here, for corpuscles emitted by metals under 
the impact of ultra-violet light We are already acquainted 
with the fact that glowmg metals give off negatively elec- 
trified particles, or corpuscles, but it is an entirely new 
statement to say that metals, without the application of 
any heat whatever, will give out these same corpuscles on 
mere exposure to hght But the fact is without difficulty 
demonstrated by chaigmg a newly cleaned surface of zmc 
with electricity, and exposmg it to the light from an arc 
lamp , for the zinc plate rapidly loses its electrification, and, 
reasomng anologous to that previously applied, leads irre- 
sistibly to the conclusion that the loss is occasioned by cor- 
puscles flymg away with it 

It turns out, however, that the active constituent of the 
(54; 
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light that causes this corpuscular migiation is the ultra- 
violet waves — that is, waves that are too shoit to cause the 
sensation of sight to the eye, and whicli, on dispersing the 
lig h t through a prism, he beyond the violet end of the spec- 
trum Those ultra-violet light waves, though they do not 
affect the eye, aie nevertheless for the most part the active 
agents m affecting the sensitive plate of a camera, oi in 
t,;i.nTiing the skm Sunlight is not rich in them, for the at- 
mosphere absorbs them , but a copious supply is found in 
the light obt lined from an aic lamp, or by burning magne- 
sium wiie, 01 by sparking with an induction coil between zinc 
01 cadmium terminals 

Our task IS to weigh and to determine the motion of and 
the charge on the corpuscles as they fly off from a metal 
plate under the incidence of ultra-violet light This is 
done by means of an apparatus shown m Fig 12 A is 
a charged aluminum plate on which the ultia-violet light 
shines, this light comes from a spaik between zinc termi- 
nals connected with an induction coil, and entei s the tube 
through the quartz window, B, which is peculiarly trans- 
parent to ultra-violet waves E is another metal elec- 
trode, perforated in the middle It shields the iight-hand 
part of the apparatus from the electrified plate. A, and 
provides a window tluough which the corpuscles may fly 
into the right-hand chamber D and C are little metallic 
plates that can be connected with an electrometer 

All this apparatus is enclosed in a sealed glass vessel from 
which the air has been almost altogether exhausted by pump- 
ing On sending the ultra-violet light through the quartz 
window, B, so that it falls on the charged aluminum plate, 
A, coipusclcs fly off from A at right angles to it, and, pass- 
ing in a beam through the window of the screen, E, they 
strike the metal plate, D, give up their electricity to it and 
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Signify their presence in the electrometer in connection with 
it 

So far, so good But how does this help us to the weight 
and Velocity of the corpuscles ’ Let us see The first thing 
v,e notice is that while the electrometer, or measurer of elec- 
trification, connected with the plate, D, is charged on the im- 



Fig 12 E-s.periment for determining the velocity of a corpuscle 


pact of the corpuscles, the electrometer connected with C is 
quite unaffected This shows us that the corpuscles tend to 
travel in straight Imes The next thing to be noticed is that 
on the approach of a magnet the corpuscles may be deflected 
so that they fall on C, and its electrometer will show a cor- 
responding deflection. Fig 13 A photographic representa- 
tion of a beam of corpuscles shows plainly the deflection 
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they undeigo The path of the coipuscles is made Msible 
liy a special method to be xfteiwxid consideied 

This fact, namelij, that a viagnetic force will hend a ieam of 
(orpusrhs, solves our problem It may be shown beyond all 
([uostion that wlicn a mxgnot is pusented at a stieam of 
( OI ])iis( l('s, eich coipiiscle tends to dosciibe a cncle at light 
iiiglis to the magnetic foice, and, furtheimoie, that the 



PiS n Shoai me; na't deflected ba horseshoe magnet 


I ulius ol this (lule eipuls wheie m is the mass of the 

coiinistli, r Its velocity, r its ehctiical charge, and H the 
amount ol the m ignetic foiee Kctuimng to the chagiam 
of the appaiatus, you will hnd that it is possible to meas- 
ure the ladius of this cii cle of corpuscul ai motion, foi when 
the magnetic foice is lust sufficient to deflect the corpuscles 
wholly to the elcctiode, C, they tiavel fiom E to C along 


f 
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the arc of this very circle The size of the circle is indicated 
in the diagram, and the length of its radius is fixed by the 
relative positions of E and C 

Now, the magnetic force that is just sufficient to cause 
the deflection of the particles to C is easily measured , and 
hence, we have the following equation 

Radius of circle (which we know)= ^ tj ^ — i 

e X H (which we know) ^ 

which With a shifting of one quantity to the other side of 
the equation, is 

Radius of circle (known) X magnetic force (known) 

And we are thus, to some extent, forwarder, at least , for we 
have a definite value for, 

the mass of the corpuscl e X its velocity 
its electrical charge 

Is there any hope of our gomg further? There is We 
must now determine the velocity of the corpuscles 



CHAPTER V 


The Speed of a Corpxjscle \nd How it is Estimwed 


In 01 del to deteimine how fast corpuscles move, ve 
should consider thxt dunng the flight of a coipuscle fiom 
the alummuin plate, A, until it passes thiough the wmdow 
of the scieen, E, eneigy is being acquiied by it from the 
electiic field vhich exists between the two plates, A anclE, 
both chaiged electiodes This energy may be represented 
byFe, where V is the diffeiencem electiic potential between 
the two plates and e the electiical chaige on the corpuscle 
Now, the kinetic eneigy of a body may be repiesented 

also by the famihai foimula, Hence we have, 

in which m is the mass of the corpuscle, \ its velocity, e its 
electiical chaige, and V the diffeience ot electiical poten- 
tial between the plate and the scieen Placing V over to 

the othei side of the equation, we find that e From 

our equation concerning the magnetic deflection, 

it IS evident that c must also equal ^ And hence, 

Simplify this equation and you will find that 

9 Y 

That IS to &ay 


Velocity of (oipiiscle 


Twice diffeience of potential 
Radius of ciicle X magnetic force 


The value of the three teims on the right-hand side of 
the equation are known, and the problem is solved 

So determined; the velocity of the corpuscles is simply 

( 59 ) 
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piodigious The speed of the swiftest rifle bullet is insig- 
nificant in comparison Their velocity is not at ail con- 
stant, for it depends on the electric force with which they 
are charged, and upon the amount of air left m the vessel, 
but the corpuscle that does not travel with a speed a thou- 
sand times that of the swiftest cannon ball, which is two 
thousand miles an hour, is slow indeed The only velocity 
with which the speed of corpuscles can be compared is that 
of light — 186,000 miles a second — and corpuscles have been 
observed with about half this velocity In fact, the velocity 
of a corpuscle, depending on the conditions, may be taken 
as anywhere from 10,000 to 80 000 miles a second 
We see, then, that a candle flame, oi a glov ing wire, or a 
metal exposed to light, is not by any means the restful 
object it appears Every object in the neighborhood of 
such bodies must be continuously bombarded by bullets 
flymg with an enormous velocity, and small, indeed, must 
these bullets be to leave us all, so long, utterly unsuspicious 
of their existence But small as they are, we must weigh 
.them, and to do this we must first of all derive the value 

of- 

m 



CHAPTER VI 


The Relation op the Chabge in i Corpuscle to its 
Mass How Important it is 


The value, is a most important one in the elucida- 
tion of the natuic of coipuscles By it is meant simply 
the latio of the elcctiical charge on the corpuscle, e, to its 
mass, m, and it is evident that, having obtained this -value, 
we need only dcteimine the electiical charge to know the 
mass of th(' coipuscle, tint is to Ksay, the amount of mat- 
t^i of which it IS compo'='ed 

It IS easy to obtain the vilue of - from oui equations, 
(1) RH"" and (2) Foi, substituting v m the 


hist equation foi the value of v in the second equation, we ^ 
have, 

2V 


RH- 


^ X RH 
e 


Hence, 


e _ 2V 
m (RH) 


And since 7, R and H aie known, there is no more diffi- 
culty — the pi oblera is solved On the basis of the experi- 
ment, - - 10,000,000 Hence, m-= 

..ill wchcivc']U)wlo(l()isto ck'tcimmo the chaige on the cor- 
puscle and divide it by 10,000,000 to obtain the mass of 
the corpuscle 


( 61 ) 
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Before proceeding to this, however, there are certain in- 
teresting facts about 10,000,000 that deserve our at- 
tentive consideration The first fact is, that no matter 
from what source these corpuscles come, whethei glowing 
metals, gases or what not — ^no matter by what method 
they are evolved, whether light, electricity or heat — and 
no matter by which one of the many experimental methods 

the value of - is deduced — the result, within the limits 

of experimental error, is a constant quantity, about 
10,000,000 This shows us that the corpuscles, whatever 
their nature, are independent of the kmd of matter from 
which they are evolved The second mterestmg fact is 

that the value of ^ for the lightest chemical %on known, 
that of hydrogen, is only about 10,000, which is one thou- 
sand times less than the value of ^ for the corpuscle 

The question now arises Is this thousand times differ- 
ence between the ion and the corpuscle due to a difference 
m the masses of the ions, or to a difference m the electrical 
charge, or to both ? Let us have at e, then, to settle the 
matten 



CHAPTER VII 


How THE Electrical Charge in a Corpuscle is Esti- 
mated A New Use for Clouds 

In order to find the electiical charge on the corpuscle, it 
IS best to consider, now, the influence of ions on the forma- 
tion of clouds This cloud foimition is a voiy sti iking ef- 
fect produced on moist air by the piesence of ions, whether 
positive 01 negative, whenever the air is expanded a quaitei 
of its oiigmal volume The fact seems to be that each 
coipuscle acts as a nucleus about which the moisture of 
the air collects, so tint it becomes the centie of a visible 
drop of watci, ind, wheie befoie theie existed a moist, 
invisible gas, theie now suddenly appeals a beautiful cloud 

Though coipusclcs due to any of the ionizing agencies 
mentioned in Chaptei I cause this cloud-condensation, one 
of the best for the pin pose is the X-iays, which ue pecu- 
liarly efficient in foiming clouds in any gis through which 
they pass The mechanism of the expeiiment, m its sim- 
plicity, IS a mass of moist gas enclosed m i glass vessi 1 , 
thiough which aie pxssmg weak X-iays and in which tlu' 
moist an may suddenly be expanded wuth the foimation ol 
a cloud of watei drops But the cloteimmation of the main 
faetois which it is necessaiy to know in oiclci to aiiive it 
the electrical charge on a corpuscle by this means, is most 
formidable 

The procedure is somewhat as follows The velocity with 
which each drop of water falls is measured , from this, the 
ladius of the drop may be calculated, knowing the radius 

( 63 ) 
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of the drop, it is next possible to determine, by calculation 
and experiment, the mass of water deposited from the 
cloud, and knowing these two factors, the number immedi- 
ately follows from the equation, 

number of drops (and, hence, the number of corpuscles), 
I the mass of water deposited in the form of drops, and a 

the radius of the drop Having the numbei of corpuscles 
in the gas, the electrical charge on each individual corpuscle 
follows by experimentally determining the total electrifica- 
tion and dividmg by the number 
The value of e turns out to be 0 00000000034 in electro- 
static units And, now, finally, we are m a position to know 
the mass, or amount of matter, m a corpuscle 



CHAPTER VIII 


How THE Mass op a Corphscle is Determined Discot- 
ERY op the One Thing 

It will be remembered that ^=10,000,000 Therefore, 
ni= ooVo G O determined, has the 

value of 0 00000000034, m= 

weight of a coipuscle Well, we need not translate this 
value into a traction telling us just what portion of a gram 
the weight of a corpuscle is It would constitute a dec- 
imal stretching fiom one side of the page to the other 
What we want particulaily to know is the relation between 
the weight of a coipuscle and the weight of an atom 
This falls neatly into our hands, for it turns out that 
the electrical charge on a hijdrogen ion exactly the same, 
mthin the limits of experimental ert or, as the electrical chauje 
on a corpuscle Now, it will be remembeicd that the total 

value of ^ foi a hydrogen ion is 1,000 tunes less than the 

total value of foi a coipuscle If, therefoie, the mass 

of a coipuscle equals 0 00000000034 divided by ten million, 
and the mass ot an atom equals 0 00000000034 divided by 
ten thousand, it follows tint the mass of the hydrogen 
ion IS one thousand times greatei than the mass of a coi- 
puscle > 

So, staiting with a candle flame and a gold-leaf electio- 
scope, we have been carried uiesistibly to the conclusion 
5 (65) 
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that there are bodies a thousand times smaller than the smallest 
atom Next we have seen that, no matter what their source, 
these little particles are all alike in nature and size And, 
finally, we know that they constitute an actual part of the 
forms of matter from which they fly The far-reaching influ- 
ence of these conclusions on the inner structure of the uni- 
verse explains the painful efforts we have made to show 
how they are obtamed, and why — since the how is not so 
important in this world as the why — ^we aie so sure m our 
conclusions 

That we have m a corpuscle the veiitable key to many 
a mystery, it will be the function of the latter part of our 
book to disclose Our present duty is to elucidate still 
farther the nature of these strange little bodies And, for 
this purpose, there is no place m which they are better 
developed, or in which they have greater freedom from ex- 
traneous influences, than m the cathode rays 



CHAPTER IX 

Propeetifs oi’ Corpuscles Cathode Rays 

In tlie absence of any of the ionizing agencies we have 
feo ill considered, the very high lesistance of the air can 
be overcome only by the application of intense electrical 
lot CCS Instead of an invisible leakage we then obtain a 
sudden spaik, rs one sees any day in the discharge of an 
ekctiicil machine oi m a lightning flash But this spark 
dischaigc IS due to the fact that the air or gas is at the 
1101 mal pressure of the atmosphere, about 15 lbs to the 
sciucue inch Just so soon as we begin to decrease this 
prossuie the phenomenon begins to change^ and this 
change goes on progressively until its character becomes 
ibsoibmgly interesting 

The less the piessure the easier it is to foim these little 
negatively electiifled particles undci the influence of elec- 
tiic toices If III (lectiic machine oi induction coil be 
connected with metallic teiniinils fused into i glass bulb, 
so ananged in connection with an ui pump that the air 
can be giadually withdiawn, one of the most beautiful 
expel iments m physical science makes evident the maxi- 
mum properties of coipuscles When the air has been 
withdrawn until it has a piessuie of about one ten-thou- 
sandth of an atmosphere, the first effect noticeable m the 

(67) 
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bulb IS illustrated in Fig 14 Near the positive pole, a, is 
situated a cloud of light which, when the pressure of the 



air and the current of electricity he within cer- 
tain definite limits, shows beautiful fluctuating 
striations 

The negative pole, or cathode, h, is sur- 
rounded by a faint glow, and beyond the glow 
lies a dark space, h to h If the exhaustion of 
the bulb be now increased, the dark space 
extends farther and farther through the bulb, 
until, finally, it strikes the other side of the 
bulb and impinges on the glass When it strikes 
the glass a brilliant phosphorescent light ap- 
pears, green if the glass contain soda, blue if 
it contain lead, and the glass itself, or the metal 
within the bulb, becomes a source of X-rays 
Fig 16 IS a photographic representation of such 
a bulb in action The positive and negative 



terminals (the anode and cathode) are marked -f- 
and — lespectively Looking only at the wire 
by which the current leaves the bulb (this wire 
IS called the cathode , it is the one marked — 


uum tube 


in the figure), you -will see a velvety glow about 


the terminal of the wire withm 
the bulb In front of this is the 
space called the dark space, in 
front of this, again, the bulb is 
luminous for some distance, this 
luminous portion being called the 
negative glow, and, finally, the 
brilliant phosphorescence of the 
pear-shaped end of the tube will 
be noticed as a mass of white 



Fig 15 

Sho-wing that the phosphores- 
cence arises from the cathode 
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It was soon discovered that the phosphorescence in the 
end of the bulb was caused by something coming from the 
neighboihood of the cathode, foi a solid placed between 
the cathode uid the end of the bulb casts a shadow on the 
bulb An example of this effect is shown in Fig 15, wheie 
the shadoY^ is c lused by a maltose cross of mica, placed 
between the cathode and the end of the bulb The shape 
ot the shadow shovs that the cause of the phosphoiescence 
tixvelsin straight lines, and that, moieovei, it comes 
straight from the cathode It is to the agent pioducmg 
this phosphoiescence m the bulb that the name, cathode 
rays, has been given 



lug lb Pliotogiaphic lepiesent ition of i ^ icmim tul)c iii iction 

Now, cathode lays constitute simply a be im ot eoipusdes, 
that is, they consist ot negatively elec tufted pai tides hiv- 
ing i velocity equal to that of coipuscles obtained in othei 
ways, and their miss is x thousand tunes less than the mass 
of a hydrogen atom 

PHOSPHOR!' SCRNC 1 

A very large numbei of bodies give out a phosphorescent 
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light when exposed to a bombardment of the corpuscles m 
cathode rays This phosphorescence is very beautiful, its 
color dependmg on the nature of the substance struck The 
spectrum given out by these bodies is generally a continuous 
one, but certain rare earths, such as yttrium, yield, on cor- 
puscular bombardment, a bright-lme spectrum , and this 
fact has been of great importance m the study of the rare 
earths 

The power of glass to phosphoresce under these rays has 
already been referred to It ought to be stated, however, 
that the glass will in time “ grow tired ” This may be 
seen with the apparatus shown in Fig 15, where, if the 
cross, which is on hmges, be thrown down, the phosphores- 
cence of that part of the glass which has hitherto been in 
the shadow of the cross, is now much brighter than that of 
the surroundmg glass 

The substances barium platmo-cyanide and calcium tung- 
state are exceedingly sensitive to the impact of corpuscles 
Their phosphorescence is, m fact, used to detect the pres- 
ence of corpuscles 


CHEMICAL EFFECT 

Corpuscles cause chemical changes in certain bodies on 
which they fall Thus, rock salt takes a beautiful violet 
color, which, unless exposed to moisture, it will retain for 
years Lithium chloride is remarkably sensitive to the im- 
pact of corpuscles If a beam of corpuscles be slowly moved 
over the salt by a magnet, the path of the beam traces out 
a colored band on the surface of the salt 

HEATING EFFECT 

Corpuscles heat a body on which they fall They may 
be concentrated by a bowl-shaped cathode, such as shown 
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in Fig 17, and a piece of platinum, if placed in the focus, 
may be raised to a white he it, and glass may be melted, 
and a diamond charred 



Fig 17 Cathode riy^ of coipuscle'5 bi ought to a focus 


MECHANIC VL riFrCT 

Corpuscles, when they stiike igun&t an object, tend to 
push it away This is veiy piettily shown in the appara- 
tus 111 Fig 18, where the impact of the corpuscles in the 
cathode i ays makes the little caiiiage move fiom one end 
c f the 1 ills to the other 



Fig 18 Showing that corpuscles will move a body which thej stake 
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POWER TO PENETRATE MATTER 

It was at first supposed that solid bodies were absolutely 
impenetrable to these corpuscles Nowadays, however, we 
know that this is not so Lenard has made a tube which 
has in it a small window of aluminum foil, and on shoot- 
ing the corpuscles against this window, he found that they 
passed straight through it, and so got outside the tube, 
where they could be more easily investigated Cathode 
rays which have passed through the glass bulb into the 
outer air are consequently called Lenard rays 

LENARD RAIS 

It will be understood that these rays consist simply of 
corpuscles which have passed through an alummum window, 
and are m no way different from corpuscles in geneial or 
from the cathode rays within the tube They have tinned 
out to be very useful, however, m determining the Low of 
Absorption The absorption of ordinal y light by different 
substances bears no relation to the density, or weight, of 
the absorbing medium Heavy materials, like iron or glass, 
light bodies, such as coik or water, may be tianspaient or 
opaque to ordinary light, as the case may be On the 
other hand, in the absorption of corpuscles in the Lenaid 
rays very different phenomena appeal 

A given thickness of material, whether gas, liquid or solid, 
absorbs these rays simply in proportion to their density, 
and entirely indejiendently of any other property Thus, 
though the density of the lightest substance is only one 
sixty-millionth of the heaviest, throughout this enormous 
range all substances, mcludmg air, carbonic acid gas, paper, 
copper, glass and gold, absorb these rays in direct propor- 
tion to the relative weight of the substances involved 
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CORPUSCLES AND X-RAYS 

When the air pies&uie m the bulb producing cathode 
rays is so low that the glass ol the bulb becomes biilliantly 
phosphoiescent, an cntiiely different set of lays pioceed-^ 
fiom the tube, having properties thit diffeientiito them 
altogether fiom the cathode rays, or coipusclos, that pio- 
duce them by their impact on the glass oi on a metal 
plate within the bulb These lays illuminate a phospho- 
iescent scieen, affect a photogiaphic plate, and haae an 
astonishing power of penctiatmg substances opaque to or- 
dinary light They are called X-rays because at the tune 
of then discovery then nature was an unknown quantity 
And so it IS, to a ceitain extent, even now They aie not 
corpuscles, though it is not one of the least mtciesting 
piopcities of coipuscles tint they produce X-iays Their 
probable natuie, and then i elation to coipuscles, will be 
consideied when we wish to make use of them in the 
elucidation of another problem 

CORPUSCULAR CONDENSATIONS 

Except in the phenomena of iadio-acti\ity, w^hich con- 
stitutes the subject-mattei of the next part of our work, 
these ultra-atomic particles, oi coipuscles, aie found only 
in gases oi metals at high temper xtures oi in the low^ pres- 
sure which exists m a good vacuum The leason for this is 
that no sooner is a corpuscle let loose than it tends to unite 
itself with anything else available, whethei this be another 
corpuscle, an atom oi a molecule, so that it is only in the 
long, open spaces of a good vacuum, where they have a 
path free from much chance of collision, that we can study 
them as they are At the ordinal y pressure of the atmos- 
phere, or at ordinary temperatures, they are no sooner set 
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free than they become nuclei, about which atoms and mole- 
cules collect, until they foim masses many times larger 
than the oiiginal molecules of the gas This is quite con- 
sistent iMth what we have learned concerning the formation 
of clouds in the presence of corpuscles 


Resume of what we have learned about corpuscles 

Corpuscles are generated from 

(1) Burnmg gases 

(2) Glowing metals and carbon 

(3) Electrical discharges in gases at low pressures 

(4) X-rays 

(5) Metals on the impact of ultra-violet light 
Nature and properties 

(1) They are negatively electrified particles 

(2) They have a velocity of from 10,000 to 

90,000 miles a second 

(3) They have the same electrical charge as a 

hydrogen ion 

(4) They have a mass equal to one one-thous- 

andth of a hydrogen atom 

(5) They discharge electrified bodies 

(6) They are deflected by a magnet so that they 

tend to go in a ciicle 

(7) They are deflected by an electrostatic force 

(8) They cause phosphorescence m bodies which 

they strike 

(9) They give rise to heat m bodies which they 

strike 

(10) They communicate mechanical motion to 

bodies which they strike 
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(11) They give rise to X-rays m bodies which they 

strike 

(12) They aie absoibcd by all bodies m direct 

proportion to the density of those bodies 
(12) They act as nuclei about which atoms and 
molecules collect 



CHAJPTER X 

Positive Ions The Other Kind of Particles 

Has the reader forgotten that the gaseous ions of the 
candle flame and the glowing wire consist of particles of 
two kinds, the one carrying negative electricity, the other 
positive ^ Since the negative particles, or corpuscles, have 
turned out to possess properties so unprecedented and un- 
looked for, it is high tune to renew our inquiries concern- 
ing the positive particles 

These positive particles afford a surprise Though they 
may be developed by any of the forgoing methods, in their 
properties they are almost diametrically opposed to cor- 
puscles 

(1) They carry positive electricity, not negative 

(2) Their velocities are less than those of corpuscles 

(3) Their electrical charge is of the same order as that 

of an ordinary atom 

(4) The value of ^ is one thirty-thousandth of ^ for 

a corpuscle 

(5) Their mass is a thousand times as great as the 

mass of a corpuscle, and is about equal to that of 
an atom of ordmary m a tter 

(6) They can be deflected by a magnet only to a slight 

extent, and require for this deflection a magnetic 
field immensely strong 

It IS evident, then, from a comparison of the two Vmrla 
(76) 
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of particles, that “ Codim is our fnend, not Short ” — the 
corpuscle, not the positive ion Foi, though we shall refer 
to the positive ion again and again, if we wish to know 
something of the birth of mattei, the decay of mattei, the 
nature of mattei, of the natuie of electiicity and the rela- 
tion of electricity to matter, of the nituie of the sun and 
the sun’s lays, of the possible cause ol giavitition, the 
cause of clouds and ram, and the leasonable solution of 
many another mystery — if we wish to know something of 
all this, the corpuscle is our most informing friend 
In earnest of this, we may say that so fai as we have 
gone m this part of our work theie is baiely a paragraph 
that will not be utilized m the study of the foiegomg prob- 
lems Surely, then, we have m the corpuscle the fulcrum 
for the lever of thought, the philosopher’s desire, the one 
thing to explain our explmations, foi which alchemy so 
earnestly sought m the dim, vague light of the middle 
ages and called it the philosopher’s stone, and foi which, 
chemistry, the daughter of alchemy, has so sorely felt the 
need to make herself consistent in the periodic law 
It IS an interesting thought tint, thioughout the ages, 
m this search for the one thing, the medieval scholar, la- 
boiiously poring ovei his gieat book m the light of his little 
candle, and the modern savant m his hboritoiy, ladiant 
with electric illumination, have dike been hteially bathed 
m the light of the tiuth— bombaided, hands and face and 
eyes, by the one thing, with only (hat shoit space lacking, 
between the ictma and the inneimost centre of the biam 
where the power of deduction lies, to Know 
Verily, 

“ Truth IS within ourselves, it takes no rise 
From outward things, whatc’ei you may believe 
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and to KNOW, 

Rather consists m opening out a way 
Whence the imprisoned splendour may escape. 
Than effecting entry for a light 
Supposed to be without ” 
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PROPERTY OP MATTER 




PART IV 

NATURAL RADIO ACTIVIIY A Ni 
OF MATTER fi 


CHAPTER I 


JPERTY 




Antecedent Discovery* 


The theme of this piesent pait of oui book isoFT^i^ 
thing done — the discovery of a new nituial property of 
matter, and an explan ition of this piopeity in terms of 
what we already know 

If one questioned the discoverei — the beginnci of the 
work — about himself, he would piobably say that his woik, 
possibly, was something — ^lie himself was nothing, and in a 
measuic he is right, for m a few years he will pass, while Ins 
woik will endure foievei Still, we wish to know him for 
his woik’s sake, and surely it will not be amiss to say some- 
thing at least about him 

Henri Becquerel, Membre do ITnstitut, is the discoverei 
of Becquerel rays, the basis of the phenomena of radio- 
activity He comes very honestly by his poweis His 
giandfathei, Antoine Cesai (1788-1878), thiough sixty ycais 
of indefatigable labor, contiibutod more than fi've hundred 
momoiis, works of note on mmeialogy and electricity IIis 
father, Alcxandie Edmond (1820-1891), was the author of so 
6 (81) 
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many memoirs that they constitute practically a history of 
the relations of optics to electricity through the past fifty 
years Henri Becquerel, the son, was subjected to the train- 
ing and mfluence of these honoured men, and it is little won- 
der, then, that, through heredity and envnonment, he should 
bear the face of one who sends his soul into the invisible — 
for that, in good solid truth, is what every true experi- 
menter literally does 

In due tune he succeeded to the Professorship of Physics, 
the chair of his father, and began his work in their laboratory 
m the quamt old home of Cuvier in the Jardin des Plantes, 
— ^“a laboratory to which I had gone,” he says, “from the 
time I was able to walk ” There he wrought nobly for the 
credit of his name, until Rontgen’s discovery of the X-rays 
mitiated an investigation which culminated in the discovery 
of the Becquerel rays and radio-activity 

Now, Becquerel did not discover his rays and their radio- 
activity out of nothing Every scientific discovery has a 
genealogy of its own, gomg back to the primal ancestor of 
all thoughts, no discovery comes into the world parentless 
of previous eonceptions Here is a table showing a few 
steps in the genealogy of the Becquerel i ays 


GENEALOGY OP THE RAYS 


Lenard Rays_ 


Cathode Rays 
X-Raj s 


S-Rays_ 


N-Rays_ 


Niewenglowski’s Rays 
^Becquerel Rays 


X-rays are in some way entangled with the phosphoies- 
cence in a Crookes’ tube Consequently, the discoveiy of 
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professor Rontgen set men wondenng as to whether the 
power of emitting penetrating rays might not be a property 
of phosphorescent bodies in general In this instance there 
was Niewenglowski, who made the interesting discovery that 
some such rays were actually emitted, that much at least 
His expeiiment, as afterward repeated by Becqueiel, is per- 
fectly demonstrative A certain compound of sulphur and 
calcium, calcium sulphide, which is the basis of luminous 
paint, shines in the daik after evposuie to sunlight — that is, 
it IS phosphor escent Niewenglowski placed a photographic 
plate m a plate-holdci, and instead of a cover -slide, he in 
seited a thin sheet of aluminum The plate was thus com- 
pletely sheltered from the action of light Upon the sheet of 
aluminum he placed squares of thin glass, and upon these, 
in turn, pieces of a certain calcium sulphide previously ex- 
posed to light, which were protected from external influences 
by dome-shaped clock-glasses The arrangement of the ex- 
periment IS seen in Figure 19, the cover -slide of aluminum, the 



Fig 19 Niewenglowsla’s Experiment 

glass, the sulphide above it, and the clock-glasses covering 
all The apparatus was left in the dark for twenty-thiee 
liouis The plate was then developed A print from the 
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actual plate, which is here produced (Fig 20) leaves no muddy 
obscurity for the reader Upon the plate are imprmted the 



Fig 20 The result of Niewenglowski ’s Experiment 

square of glass and the round section of the clock-glass cover 
The rays had, necessarily, to pass straight through the alumi- 
num cover-slide to print them there It was thus, then, 
that the question was asked of Nature, “Does this sub- 
stance, this calcium sulphide, emit rays which will pene- 
trate glass and metal and affect a photographic plate?” 
And Nature answered m her legible signature, “This sub- 
stance will ” Are these rays light? The answer is upon the 
same plate It is affirmative If you examine the im- 
print of the square of glass upon this plate, you will notice 
that it IS bordered by a perfectly white line which has been 
left untouched bv the rays This can only be accounted foi 
by supposing that they were bent, or refracted, on passing 
through the edges of the glass into the air Now rays that 
are made up of particles, or corpuscles such as we have 
studied in Part III, cannot be refracted in the slightest de- 
giee Light rays always are, and must be, from their very 
nature, as wave motions Niewenglowski, therefore, dis- 
covered penetrating rays of light capable of passmg through 
a sheet of metal, a substance which anybody would consider 
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opaque — ^not X-rays, nor corpuscles, but light rays of a most 
remarkable kind It should be remembered, however, that 
these penetrating light rays were not given off by the sul- 
phide in its natural condition It had previously to be ex- 
posed to sunlight, whence it deiived its energy 



CHAPTER II 


The Discovery of Radio-Activity 

But Becquerel, abreast of the same wave of mvestij 
tion, thought as Niewenglowski He says, ^'For my pa 
from the day on which I first had knowledge of the cliscove 
of Professor Rontgen, there came to me, too, the idea 
seeing whether the property of emitting veiy penetrati 
rays was not mtimately bound up with phosphorescenc( 
His thought was soon represented concretely, for, taki 
fragments of various phosphorescent substances, he plac 
them one after another on a photogiaphic plate envelop 
m black paper, and thus gave them an opportunity of telh 
their secrets by penetratmg the paper and affecting the pla 
beneath In this, his work lesembled that of Niewenglowsl 
but the importance of it is and the luck of it was, that 
experimented with different substances Out of all the d 
ferent substances tried, there was one, uranium, that K 
waited long for this one precious day Foi one dxy 
twenty-four houis this substance lay upon a photograpl: 
plate enveloped m black paper, and thus, after ages up( 
ages of waiting, found utterance This plate was affecte 
A glance at Fig 21 will make it evident, and a close exan 
nation will reveal the shadow of the copper cross throu^ 
which the rays had to pass The plate is obscure, as wou 
be the picture of the approach of dawn, and it is equal 
significant It reveals nothing but the piesence of pen 
trating rays ^'Here I am,'^ said Nature, ^^now, tell me, a 
I Niewenglowski^s rays?'' “I thought, then," says Be 
( 86 ) 
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querel; 'Hhat it was necessaiy previously to expose the sub- 
stance to light in ordei to provoke this veiy penetrating 
emission^ but a short time after I recoginsed that the emission 
of the rays was 'produced sp)ontaneously , eien lohen the sub- 
stance had been kept completely sheltered from any previous 
exposure to light This settles the question Niewenglow- 
ski^s rays were directly due to the action of the sun upon the 
substance which emitted them, Becqueiel rays aiise from a 
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Fig 21 BecquerePta fiist e\penment 

substance whose natural propeity it is, not only to emit 
them, but, appaiently, to manufxctuie them It may be 
stated here that since this discovery, the rays emitted by 
this particular fiagment of uranium compound have shown 
no signs whatevei of diimnulion They uc, appxiently, x 
peimanent piopeity of this foim of mattei Fuitheimore, 
it was soon seen to be a mattei of indifference what uianium 
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substance was employed Any substance containing •ura- 
nium gave off the rays Metallic uranium itself, obtained 
m Moissan’s electric furnace, gave out more rays than any 
of its compounds More than that, the emission of the 
rays turned out to be altogether mdependent even of phos- 
phorescence Uranium bodies, whether phosphorescent or 
not, emitted rays Here, then, was no stored up, trans- 
formed sunlight, such as Niewenglowski’s rays, but pene- 



Fig 22 TJraniuuni radiograph 

trating, continuous emissions from a substance having no 
relation to light The emission of rays capable of passmg 
straight through copper from a chemical substance in its 
normal condition constituted to us a new property of matter 
— a new thmg in nature 

So,_^as Becquerel stood in his laboratory that night, -with 
this thought m his mind and the plate in his hand, he ap- 
pears sharply silhouetted against the background of the ages, 
he IS comparable with that Theophrastus who, two thousand 
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years ago, rubbed a piece ot ambei on his coat-sleeve and 
noticed that it attracted bits of papei, unknowing that this 
bit of amber was equal to the lamp of Aladdin, or to that 
Paleolithic savage, who, the fiist of all men, noticed the at- 
tractive powers ot lodestone New properties of matter aie 
not so common that their significance can be exaggerated 
This new property of matter was called radio-actiiity , and as 
such it takes its place beside magnetism, electiicity, light and 
heat 
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Discovery op Radio-active Elements 

Radio-actmty, a new property of matter, had been dis- 
covered, but whence its source? “The metal uranium it- 
self,” you say, “since gives off the rays ” Yes, but still a 
doubt — a little, tiny doubt — ^remained Was it not possible 
that the power of emitting rays, the radio-activity, was due 
to some small impurity present in the uranium? That doubt 
was the key which unlocked the door to a roomful of other 
discoveries 

It arose in the minds of two investigators who had been 
mterested observers of Becquerel’s work, M Pierre Curie, 
Professor of Physics m the School of Physics and Industrial 
Chemistry at Pans, and Madame Sklodowski Curie, his wife 
They resolved to investigate the ray-emitting power of pitch- 
blende, the parent substance from which all uianium is ex- 
tracted To their gratification they discoveied that selected 
specimens of pitchblende possessed a ladio-activity four 
times greater than metallic uianium itself (Figs 23 and 34) 
Nature never insults us by caprice, and, consequently, we find 
the Curies saying “It becomes then very probable that if 
pitchblende has so stiong an activity it is because the min- 
eral contains, in small quantities, a substance wonderfully 
radio-active, different from uranium or any of the simple 
bodies actually known 

“We proposed to ourselves to extract this substance from 
pitchblende and we have, m fact, been able to prove that it 
(90) 
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IS possible, by the methods of ordinary chemical analysis, to 
extract from pitchblende substancesj of which the radio- 
activity IS in the neighborhood of 100,000 times greater than 
that of metallic uranium ” 

In this simple manner did the Curies announce their dis- 
covery of three new elements with transcendent ray-emitting 
powers — radium, polonium, and actinium which they dis- 
covered with Debierne Since that time others have been 
discovered Of th^se strangers in the world of matter, we 
shall select radium as our first object of study, as it is the 
most easily obtained Its discovery, with its ray-emittmg 
power 100,000 times greater than uranium, placed in the 
hands of investigators a mighty engine of research for deter- 
mmmg the properties of Becquerel rays 
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Radium 

Radium li is nevei been isolated As a fiee element it has 
never been wn, never been toudied, nevei been handled, as 
gold and non iniy be, but it is manilest m the piopeities of 
its compounds It his been studied only in combinition 
with otlun (leinenls, chiefly in the toim ot the chloiide oi 
broinich' We know that it exists as an element difleient 
from any othei body m natuie, solely and completely thiough 
the fa( t that ewe ly element his h id its own sign m iiiual, oi 
specii um, by means of which it signifies its existence, 
whethei it is loimd in the sun, the stais oi the laboiatoiy 
Fig 25isfh( speclmmof 1 uhumasobtuncdbyM Dcmaiciy 
from i small (lumtity of chemically pine i iclmm chloride 
provided by Piofe^ssoi (\nie The lines numbeied at the too 
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of thc' pie tine are ciuscd by no known element on the earth 
or m the heavens Theiefoie ladium is a new element 

(93) 


94 


T&E NEW KNOWLEDGE 


But if radium is an element, it should find a place in the 
family grouping of the periodic law And so it does An 
examination of the chemical behaviour of radium shows that 
it IS allied m all its properties to barium It is, in fact, so 
like barium that it is almost impossible to separate one fiom 
the other The family resemblance is unmistakable Ba- 
iium IS a sister to radium Now, if you will examine the 
table of the periodic law, page 28, Part II, you will notice 
that Banum (Ba=137) occurs in Group II and that there are 
several vacant spaces m the groups marked with black lines 
for elements hitherto undiscovered Into one of these blank 
Group II spaces radium ought to fit if the periodic law is 
— - the expression of a fact The determining factor 

Mo IS, of course, the weight of the atom That set- 
tles its place in the table Now, the atomic 
weight of radium has been determined with ex- 
treme accuracy by Madame Curie, and her re- 
sults lead to the value 225 This is the atomic 
weight of an element which should fill the blank 
space below mercury (Hg 200) m Group II , and 
so it IS no wonder that, chemically, radium should 
~ resemble barium for they belong to the same family 
H£ 260 — amount of radium in pitchblende is less 

.than one ten-millionth per cent , rai er than gold 

in seawater, and the quantities of the much rarer polonium 
and actinium are equally infinitesimal The difficulties of ex- 
traction are immense The residue of the mmeral pitch- 
blende, out of which the radium has been extracted at 
Jochimsthal, Bohemia, is sent to Professor dune’s works at 
Ivry, Prance, where it is precipitated and reprecipitated 
and crystallized and recrystallized an amazing number 
of times m order to separate it from the multitude of other 
thmgs contained m the pitchblende Fmally, a few grams 


Be 9 

Mg 24 

Ca40 
Zn 65 
Sr 87 6 
Cd 112 
Ba 137 
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of the ton oi so of material leaches Professor Curie him- 
self as very impure i admin chloiicle or bromide It 
still cont<ains many times its weight of its sister barium 
and now imdoi Piofessoi Cune’s own hands it undei- 
goes the final hboiious process ot liactional ciystallization 
by means of which the baimm is slowly fined away A 
slight difference m solubility is piactically the only means by 
which the separation may be accomplished, and its progress 
is tested by the increased ray-emitting power of the sub- 
stance which, beginning with 2,000, rises to 10,000, 100,000 
and, finally, as pure "ladium,” to 1,300,000 times the ac- 
tivity of the uranium in which Becquerel fiist proved the 
existence of the new piopeity — radio-activity But, alas' 
out of the ton of inateiial but baicly the hundredth of a 
gram remains It is like attempting to collect the pollen 
of a single flowei scatteied ovei an acie of ground 

Consideiing only the cost ot the pitchblende fiom which 
it IS exti acted, the value of i xdium would be at least $10,000 
a gram As a matter of fact, not much more than a gram 
exists Of course the amount is slowly mci easing and it is 
now possible to buy a lew milhgiams of vaiying degrees of 
purity in the chemical markets of the world 
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The Becqtjerel Rais from Raditjm 

This small amount of radium distributed among the 
scientific workers in the field has been sufficient for the 
elucidation of the properties of the Becquerel rays 

LAW OF ABSORPTION 

Their surpassmg power of penetratmg matter generally 
considered opaque led to their discovery, as we have seen, 
and it was therefore one of the first properties to be investi- 
gated It soon became evident that the power was quite 
mdependent of the kind of matter through which they passed 

It was influenced only 
by the density of the 
substance intei posed 
Aluminum, for example, 
being light m weight, 
is to the Becquerel rays 
what glass is to light — 

Fig 26 Radiograph showinghow the comparativelytranspar- 
power of the rays to penetrate matter de- ent Lead, on the COn- 
pends on the density The steps A, R being heavy, IS 

and C are Dlatinuni. alutnmuni and naner ^ , 

lespectivety It is easy to see that tiie comparatively opaque 
platiiium IS penefaated least As a matter of fact, they 

obey the law of absorp- 
tion, page 72 (Part III), and in this they resemble the cor- 
puscles of the cathode rays (Fig 26) 

(96) 
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thotographic power 

In thou powci to take racliogiaphs, Becquerel rays from 
1 uliuiu ics('iiiblo X-iays (Fig 27 ) A ladiographof a puisc 



1<IJ, i7 U ulio^iapli b> the Clines A pmch of ridium wis used it 
i (listiiue of i fool lime, 1 lioiu 

was t.ikc'u m tlic‘ cLuk by exposing the plate with the puise 
111)011 it to lh(' invisible Beciiuciel lays for one houi It has 
all (he dial *i( t tn ist ic s of in Vi ly pictuie 

I'HOSPIIORl' RCENCE 

Miiny sulist.iiKOS when lhe> aie exposed to Bccqueiel 
i.iys shine in t li(' daik— th it is (hey phosphoiesie The dia- 
inoiul and t lu luby shine out vividly on being lu Id iij) in the 
invisible' lays < inittidby i])iii(hot diloiide ol ladiuin bo 
do [hioispai, < al( mm sulpludi, b.iiium ]>! itino-tyanide, and 
many o(h( i s So [)ow( iliil is (he phosphousd lue laiised by 

Benpieu 1 i ays th it il a (nix' ( 1 i idiiini Ixomide be held to 
th(' Iok'Ik' id, ind the expi iinienli i dose his eyes, he will 
$till s<'(' lig:lit Tdie retina ilsdl liecomes phosphoicscent 
7 



98 


THE NEW KNOWLEDGE 


They even strike backward upon the radium substance it- 
self, so that it, too, becomes luminous, and shines vividly 
with a light which, since the discovery of radium, has shown 
no shadow of variableness Becquerel rays by means of this 
self-phosphorescence will photograph the radium which emits 
them Fig 28 (a) is a picture of some radium chloride 
photographed by daylight, and Fig 28 (6) shows the same 
radium chloride photographed m the dark by its own light 
— a life-size portrait of the first radium chloride in the world 
executed by itself They seem strange things, then, these 


Fig 28(a) 
Radium ehlo 
ride photo- 
graphed by 
daylight, by 
M Cune 


Fig 28(6) 
Radium chlo- 
ride photo- 
graphed in 
dark by the 
light of its 
own phos- 
phorescence 




[To obtain the wonderful photographs shown in Fig 28 (a and b), 
less than of a gram of chemically pure radium chloride was utilized 
by M CJune The value of a gram of radium would be $10,000 or more 
Less than a gram exists ] 


Becquerel rays from radium and yet strange as they are, 
m this power of causmg phosphorescence in bodies which 
they strike, they exactly resemble the corpuscles of cathode 
rays, page 69, Pait III 
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PHYSIOLOGICAL EFFECT 

The physiological effect of Becquerel lays from radium is 
most intense — almost inci edible A pinch of radium salt, 
contained in a sealed glass tube was placed m i cardboaid 
box, which was then tied to the sleeve of Professoi Cuiie foi 
an horn and a half An intense inflammation lesulted, 
followed by a siippiiiating sore which took more than thiee 
months to he il Piofessoi Becqueiel, as he went about his 
woik one day, chanced to carry a sealed glass tube of ladiuni 
silt in his pocket, placed theie foi convenience He was 
soiiy, for the soie was painful and most tedious m healing 
Becqueicl lays fiom ladium will cause paialysis in mice and 
cateipillais subjected to then iction, and diluted to a suffi- 
cient degree bid fan to exeicise a decidedly cuiative effect 
upon human ills In then physiological action they re- 
semble markedly the X-iays of Rontgen 

ILICIRICAL El'FFCIS 

Photographic plates ind electiified bodies aie widely dif- 
fc'ient Yet Bccciueiel discov- 
eud at about the suue time 
tint they were both iflected by 
his lays A photogi iphio plate 
wis blackened, m dectrihcHl 
liody w IS dischiigcd, either 
wis a detect 01 of i idio-activity 
With th( discovery of i ulium, 
the dischiigmg elfect became, 
of couise, exceedingly ippaient 
lig 29 (a) IS an electioscope 
with its little gold leaves spread 
apart by electrification On the 29 (a) 

ipproach of a glass tube con- 
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taming a tiny amount of radium chloride, the leaves at 
once collapse through the discharge of their electrification, 
Fig 29 (6) The approach of radium and the discharge 

of the leaves are simul- 
taneous Investigation 
showed that the effect 
was due to the fact that 
the rays emitted by the 
radium ^spontaneously 
rendered the air a con- 
ductor of electricity, and 
natuially the electrifica- 
tion of the leaves flew 
away with as much ease 
as if they had been touched by a copper wire As a mat- 
ter of fact, an electnfied body is a more sensitive detector 
of radio-activity than a photogiaphic plate In this prop- 
erty of discharging electnfied bodies the Becquerel rays are 
identical with positive ions, coipusclos and X-rays 

CHEMICAL TEFECT 

Becquerel rays cause chemical action Emitted fiom 
radium they will discolour paper, cause glass to take a violet 
tint, turn oxygen into ozone, yellow phosphorus into red 
phosphorus, mercury perchloride into calomel and will 
decompose iodoform In the power of causing chemical 
action, they resemble both the corpuscles m cathode rays 
and X-rays 

THE SECRET OF THE BECQUEREL RAYS 

We have learned how Becqueiel discovered his rays, we 
have studied some of then piopeities, and we are now face 
to face with the problem, most important of all What are 
they? 



Fig 29 (h) 
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In their study so far, we have discovered no propeity not 
shared by the positive ions, corpuscles or X-rays emitted by 
candle flames, hot wires or Crooks^ tubes as elucidated in 
Part III Cm it be that Becquerel lays are identical with 
these bodies'^ And if so, which*? Foitunately they have 
one moie stiange pioperty which Becquerel discovered them 
to possess, md which, is it turns out, affords a master key to 
then natuie 


BECQUEREL RA\S ARE BENT A MAGNET 



Becc|ueicl pioved 
this by one of his 
chaiacteiistic fec- 
und, simple c\pei- 
iinents Taking a 
nil low photo- 
gi iphic plate en- 
\ eloped in black 
papei, he placed it 
hoi i/ontally be- 
tween the poles of 
a poweiful elcctio- 
magnet (Fig 30} 

On the black en- 
velope of the plate 
he then placed a 
little lead tiough 
containing i small 
amount of the la- 

(hum (ompound Becquoid ind the experiment 

The lays ( ould thu with the nui>net 

affect the pi iteonly by bending ovci, foi the leid is opaque 
He energized the magnet, then aftex a certain time, he le- 
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versed the polarity, thinking that, if the rays bent at all, 
they would bend in the opposite direction Fig 31 is the 
answer — cleai as sunlight The plate shows 
two broad bands, proving that the rays must 
have been curved down to meet it, that 
there are two bands instead of one proves 
that reversing the polarity causes the rays to 
bend in the opposite direction Becquerel 
rays are deviable by a magnet But ai e they 

all equally deviable? Are they homogene- 
ous? Upon another plate of the same kind 
he placed stnps of platinum, aluminum and 
paper, and at the end of the plate, as before, 
the little lead trough containing the radium 
compound If they were all equally devi- 
able, they would foim a line when they bent 
to meet the plate, if not, they would form a 
band After energizing the magnet and de- 
veloping the plate, he obtained the result 
shov n in Fig 32 The rays are not equally 
deviable , 


Fis 31 
The magnetic 
deviation of 
Becquerel 
Rays 


thej form 
a broad 
band, a 
veritable 
spectrum, of an infinity 
cf rays unequally devi- 
able The same plate 
shows as well that the 
rays penetrate the 
screens m this order 
the platmum least, the 



Fig 32 Radiograph showing how the 
power of the rays to penetrate matter de- 
pends on the density The stnps A, B 
and C are platinum, alummum and paper 
respectively It is easy to see that the 
platinum is penetrated least 


alummum next, and the paper most of all Are they all 
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deviable'i’ i& it not possible that some of them are totally 
unatfected by the magnet, and do not bend at all? To find 
out, why not place the narrow photogiaphic plate vertically, 
instead of horizontally, between the poles of the magnet 
The idea was earned out, and the result is plain beyond all 
question The Becqueiel lays consist of at least two kinds 
of radiation One kind, A (Fig 33), is bent by the magnet. 


s 


Fig 33 

the other, B, is ippaicntly linafiected by it, and passes un- 
(Icviatingly on The piint (Fig 34) taken undei the mag- 




Fig 31 

net, shows still moie clcaily the evistence of two distinct 
kinds of ridiition With these two kinds of ladiation 
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science for a tune remained content, and, indeed, in error, 
for, as it turned out. Professor Rutherford was finally able to 
show that, by the application of magnetic forces transcend- 
ency strong, part of the so-called undeviable beam could, 
as a matter of fact, be to a slight extent deviated but m the 
opposite dvrechon fiom the deviable portion already known, 
while the other part lemained still absolutely undeviable 
Furthermore, it turned out that this truly undeviable portion 
of the beam of rays possessed a penetiative power to an ex- 
tent simply extraordinary, producmg an appreciable effect 
on a photographic plate through a foot thickness of solid 
iron’ By means of the magnetic effect we have thus been 
able to analyze the Becquerel rays fiom radium into three 
distinct types or kmds of radiation 

(1) Rays that have very little penetrative power and aie 
only slightly bent by the strongest magnetic forces obtain- 
able These are known as the alpha-rays 

(2) Rays that are very penetiatmg in character and are 
easily bent by weak magnetic forces in a direction opposite 
to that of the alpha-rays Those rays arc known as the 
beta-rays 

(3) Rays that are absolutely undeviable by the sti ongest 
magnetic force obtamable and have an unexampled power 
of penetrating matter generally considered opaque These 
are the gamnia-ravs 

Ah these three types of rays, it must be lemembered are 
continuously gi\ en off by radium compounds in their nat- 
ural condition without any diminution whatever so far as 
has yet been detected We have now all the data nec- 
essary for answei ing with a reasonable degree of confidence 
the question What are the alpha-, the beta- and the gam- 
ma-rays from radium? 



CHAPTER VI 


The Alph4-, Beta- and Gammv-rvis 

THE ALPHA-R^IS 

The secret of the alpha-rays chops into our hands as soon 
as we compare them in their properties 'v^ith the positive 
ions of Pait III The positive ions, as we learned, were 
tiny bodies laden with positive clectiification flying off, 
under certain conditions, fiom gxs flames, red-hot metals 
and other bodies We lexrned thrt their velocities were 
anywhere from ten to twenty thousand miles a second, that 
then mass was about twice th\t of a hydiogen atom and 
that on the application of intense magnetic force they could 
be slightly bent oi deviated Now the alpha-iays fiom 
radium Imve propel ties identic xl vith those stated above 
They are the positive ions, l)ut instead of requiring high 
tempeiatmes oi othei exceptional conditions for their exist- 
ence they fly off fiom the substance radium in its natural 
uoimal state On the basis of all the evidence necessary 
to convince a reasonable man, the alpha-iays from radium 
are streams of little bodies with a mass about twice the mass 
of the hydrogen atom flying off from ladium and laden with 
positive electricity Their velocity is about 20,000 miles a 
second T Compaie this velocity with that of the swiftest 
projectile that man can fire from a gun A iifle bullet 
travels with a velocity of about half a mile a second, and 
we consider this speed of tiansit extreme, but these pro- 
jected atoms have a velocity 40,000 times greater Now 
the energy of any moving body increases as the square of 

(105) 
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its velocity (Energy^?^), and hence the energy earned 

off fromiadium by these little flying bullets is almost in- 
credibly large compared with their mass As Professor 
Rutherford says “ If it were possible to give an equal ve- 
locity to an iron cannon ball, the heat generated by the im- 
pact on a target would be many thousand times more than 
sufficient to melt the cannon ball and dissipate it into 
vapour This is the conclusion of mathematical reasoning, 
ut no amount of reasoning is half so demonstrative to the 
averse mmd as the sight of a fragment of radium at work 
We have stated that the mere presence of radium wiU cause 
certain substances in the neighbouihood to phosphoresce or 
to light up with a glow Now among the substances af- 
ecta le by radium there is one, zinc sulphide, which answ ers 



T 

Pig 35 


Section of Crookes* Spinthariscope 
T— The outer containing tube 
*^7 T The sliding tube, for focussing 
A The screen, coated inside with 
blende 

B— The wire supporting the speck 
of radium salt 
C — The magnifying lens 


to the bombardment of the 
alpha-rays alone This 
propel ty has been utilized 
by Sir William Crookes in 
the construction of a little 
instrument which he has 
called a sphinthanscope, 
which shows beautifully the 
bombardment of the alpha- 
lays This mstrument con- 
sists of a small fragment of 
radium placed behind a zinc 
sulphide screen, which is 
viewed m the dark through 
a tube containmg a magm- 
fymg eyepiece (Pig 35) At 


flashes of light, for the spark of each atomxo projectile as 
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it stiikcs the zinc sulphide taigct is at once made visible 
to the (ye The appe nance is that of a svamp full of fiie- 
flies, 01 the scintillating sins on a cleai night And vhen 
one lemembers that these flashes ot light aie caused by a 
ram of piojectiles, each impact being mu Led by a flash of 
light, just as spaiks fly off from non when it is stiuck by a 
hammei, and, moieovei, that this lain of piojectiles is in- 
cessant, day m and day out, yeai in and yeai out, the 
wonder becomes most impiessive thxt the radium should 
not soon dissipate itself by this contmuous piojection of 
matter The numbci of atoms, however, m the small mass 
of radium is so enormous that the piocess vill probably 
continue several hunch od yeais befoie an rppieciable pait 
of the radium has dis appealed Bect]ueiel has lecently 
brought foiwaid evidence to show that the light-flashes ob- 
seived aie due to elenvages pioduced m the zinc sulphide 
crystals by the impact of the alpha pai tides 

a Hr BriA.-R\as 

These have been the most widely studied of the rays 
from ladium, owing to then great penetiatmg power and 
their action in exciting phosphoiescence m bodies which 
they stiike It is haidly necessaiy to tell the leadei, form- 
ally, what they no Suppose we constiuct a table of com- 
panson between the bcta-iajs fiom ladium and the coipus- 
cles fiom candle flames and hot metals Let us make X 
equal the posses^uon of any one specific propeity possessed 
by both in equal decree 
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Comparison between Beta-rays and Corpuscle 


Property- 

Beta-rays 

Corpuscles 

'They are negati-v ely electrified particles 

X 

X 

^^elocity 

10,000 to 
90,000 miles 
per second 

75,000 to 
si 50,000 miles 
per second 

The same electrical charge as a hydrogen 
atom 

X 

X 

They ha-ve a mass equal to one one thou- 
sandth of a hydrogen atom 

X 

X 

They discharge electrified bodies 

X 

X 

They are deflected by a magnet m the 
opposite direction from the alpha-rays 
and positn e ions 

X 

X 

They are deflected by an electrostatic 
force 

X 

X 

They cause phosphorescence in bodies 
■which they strike 

X 

\ 

They g;i\ e rise to heat in bodies which the\ 
strike 

X 

X 

They communicate mechanical motion to 
bodies which they strike 

- 

X 

They gi\ e nse to X rajs in bodies which 
they strike 

X n 

X 

The} are absorbed by all bodies in direct 
proportion to their density 

X 

X 

The} act as nuclei about which atoms and 
molecules collect 

X 

X 


We see from the table above that the one and only differ- 
ence between the corpuscles of candle flames and Crooke’s 
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tubeb, and llio botx-i\ys fiom i admin is one of velocity 
The beta-rays fly f istci, foi they leacli the enounous aveiage 
velocity of moi e than one hundred thousand miles a second 
We have heie, not an analogynor a similarity, but an identity 
Thebcti-rays fiom i idiuin me coipuscles, foi they possess 
the same propeities and m the same degiee within the limits 
of expel imontal erioi What a wondei, then, have we heie, 
an innocent looking little pinch of white salt not so cliff eient 
m its geneial piopcrties fiom oidinaiy table salt and yet 
possessed of special piopeities utteily beyond even the 
fanciful imaginings of men of past time, for nowhere do we 
find m the records of thought even the hint of the possibility 
of things which we now regard as established fact This 
pinch of salt piojects fiom its surface bodies possessing the 
inconceivable velocity of over 100,000 miles a second, a 
velocity sufficient to carry them, if unimpeded, five times 
around the eaith in a second, and possessmg with this ve- 
locity masses a thousand times smaller than the smallest 
atom known to science Furthermore, they are charged with 
negative electricity, they piss stiaight through bodies con- 
sidered opaque with a sublime mdiffeience to the pioperties 
of the body, with the exception of its meie density, they 
cause bodies which they stiike to shine out in the dark, they 
affect i phototgiaphic plate, they lendei the an a conductor 
of tlectiitify, fhej^ cause clouds in moist an, they cause 
chemit il iction ind have a peeuhai physiological action 
Who, to-d ay, shall pi edict the ultimate service to humanity 
of the beta -1 avs from ladiumi 

THE GAMMA-RATS 

The gamma-rays from radium are still to a certain extent 
a mystery Unlike the alpha- and the beta-rays they can- 
not be bent by a magnet, and their most remarkable prop- 
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erty consists apparently in their power of penetrating 
matter generally considered opaque They will pass 
through a foot of solid iron or thiough several iiicIk's of 
metallic lead They seem to be neutial electric illy, and 
they are seemingly the agent chiefly concerned in the jiliys- 
lological action of radium They also alfect a photogi iphic 
plate They appear to be X-rays, oi at least sonu' type 
of X-rays In our study of the propeities of coipuscles 
(Part III) we learned that whenever coipuscU'S ot aCiookes’ 
tube struck against a metal plate or the walls of the glass 
contammg vessel. X-rays were developed, and that, iii 
fact, an ordinary X-ray bulb was nothing but a tube in 
which corpuscles were generated If the beta-rays fioin 
radium are in solid truth the corpuscles of Part III, it is 
natural to expect that they should generate X-rays in 
their back-stroke as they left the radium, and consequently 
it should be no mattei of surprise to find in the gainina- 
rays nothing but X-rays as a natural accompaniment to the 
corpuscles While the gamma-rays are, therefore, in then 
nature probably nothing but X-rays it is at this time not 
positively certain Of course, the identity of the gamma- 
rays with X-rays does not tell us what the gamma-rays aie 
in themselves unless we know the nature of the X-iays, and 
m the X-rays we have still, moie oi less, a mystiny X is 
an unknown quantity It is probable that they ait' not a 
form of matter, that is, that they aie not pai tides at .ill, 
but more in the nature of pulses or waves in the* sur- 
rounding ether set up by the impact of the corpuscles oi 
beta-rays It is natural and, indeed, inevitable that the 
vibrations of corpuscles should disturb the surrounding 
ether mto waves just as shaking a stick in water must set 
up water waves, or as the grosser atoms of matter set up 
the etherial waves of heat and light And it is also natu- 
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ral euougli that these \iaves set up by coipusculai vibrations 
should be very cliflcient in piopeitics fiom those arising 
fi om the vibration of grossei atoms It is probable th it 
the X-iays aie due to etlieu xl vibixtion, not mxteiial pxi- 
ticles, and that the gammx-iays fioni i admin aieX-iays 

We have thus found in the alpha-, beta- and gamma-iays 
from radium the positive ions, coipuscles and X-iays of 
Pait III, then natuial piogemtors m the histoiy of di&cov- 
ciy “What an anti-chnnv,” says the lexdei “We 
staited out to study a now pioperty of mattoi, and her“ 
wo end up with an old one ” Not a bit of it We called 
the new pioperty of mxttei ladio-activity — not Bccqueicl 
lays “What is the difference All the difterence be- 
tween a natural mtiinsic piopeity and a piopcity of con- 
dition The light of an aic-lamp is a pioperty of condition, 
suppose you found, deep m theeaith, some natuial substance 
blazing foievei with a light is great, that would bo anatu- 
lal intrinsic propeity — xnd x veiy euiious one — ladio- 
xctivity So with the positive ions, the corpuscles and 
the X-rays of Pait III They xiise fiom candle flames, 
led-hot metals, or electiified xacuum tubes, all of them 
substances oi mechanisms undei vciy special conditions 
The Bocquoiel lays fiom radium, on the contiaiy, aiiso 
fiom a substance dug out ol the giound which will (nut 
them, appaiently, foi centuiies in the tutiiic is it lus 
emitted them appaiently thiough the countless ccntuiics 
of thc' past, without any evtimsic influence It is then 
nxtuial mtiinsic propeity— x nexv piopeity of matter— 
1 adio-activity 

Pait III txught us the existence, undei special condi- 
tions, of bodies a thousand times smallci than the sm xllest 
.itom Pait IV, so fax, hxs taught us the iiatui il emission 
of such particles from a substance in its noiinal state 
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phoresce The photographs were taken from above They 
were caused by the induced light of induced radio-activity 
We have used the word “ induced ” here as descriptive of 
this secondary or acquired radio-activity because it was 
at first Professor Curie’s opinion, as it was nearly every- 
body’s else, that bodies in the neighbourhood acquired 
this temporary and secondary radio-activity because of the 
mere presence of the radium, in the same way that iron 
filmgs become magnetic in the presence of a magnet or as 
the induced electric currents arise in an induction coil 
Some facts, however, soon became apparent, that have al- 
tered completely this conception of the nature of the ac- 
quired radio-activity For example. Professor and Ma- 
dame Curie performed the following experiment Two 
small flasks were connected together by a lateial tube fused 
mto their necks (Fig 37), and having a stop-cock m the 



tube joining them, the cock bemg closed, a solution of the 
radio-active substance was passed mto one of the flasks, 
while a gelatmous white piecipitate of sulphide of zmc. 



EM'lNATIONS 


115 


which it IS to be lemembered, is phosphorescent to the ac- 
tion of ladium lays, was placed in the other flask, then 
both flasks were closed So long as the cock between the 
flasks remains closed, nothing is visible in the dark, but 
the instant it is opened, the sulphide of zinc becomes bril- 
liantly phosphorescent and continues so as long as the tube 
connecting the flasks remains open Now we cannot believe 
that cither the alpha-, the beta- or the gamma-rays from 
radium hive the powei to pass around a corner as they 
would necessarily do m order to pass from flask to flask to 
cause the zinc sulphide to phosphoresce In fact we know 
they do not, and hence we must believe, for there is no 
other way out of it, that a something more or less in the 
nature of a g is, and not these rays at all, must pass from 
flask to flask, and since, moi cover, this something causes 
the zinc sulphide to shine in the dark, we must also be- 
lieve that it lb ladio-active Now this ladio-active some- 
thing which passes out of radium and which is a some- 
thing distinct and apart from the rays themselves has been 
called an emanation It is called an emanation rather 
than a gas because Rutheifoid, its original discoverer, was 
notsiwe that it was a gas It is apparently the cause 
of this induced ladio-activity acquired by all bodies in the 
neighbourhood of radium, for spreading out from the ra- 
dium it settles on surioundmg objects and renders them 
ladio-activc Having settled, then, the fact of a radio- 
active something spreading out from radium independent 
of the straight lino radiations of the alpha-, beta- and 
gamma-1 ays, it is of extreme importance to find out what 
it IS Ileic, then, aie some experiments, which one after 
anothci elucidates, to some extent, the nature of the emana- 
tion 

Fust, let us remember that whether it is a gas or not, it 
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acts like one in continuously diffusing into the surrounding 
air and that, moreover, by passing a curient of air over the 
radium it may be carried away like an oidmaiy gas, and 
that the air so permeated by it continues to give off rays 
long after its passage over the radium Next it became ob^ 
vious that the amount of emanation given off by it in the solid 
cold state was insignificant compared to the veritable rush 
emitted on heating the radium salt or on dissolving it m 
water This also is quite in accoid with the supposition 
that it is a gas of some kind occluded or hidden away in the 
radium This latter method, that of solution, is the best 
method of obtainmg the emanation for purposes of study 
A small quantity of radium chloride is dissolved in water 
and the rush of emanation is collected by bubbling air 
through the solution and carrying off the an so permeated 
with the emanation into an ordinal y gas-holder, where it will 
light up a screen of phosphorescent zinc sulphide for days 
and will show some ladio-activity even after the lapse of a 
minute On passing this ray-emitting air containing the 
emanation from the gas-holder over platinum, palladium, 
zinc, magnesium and lead chromate, all at an intense red 
heat, it was found impossible to alter the ray-cmitting powei 
to any sensible degree The ray-emitting power of the 
emanated an is absolutely conserved No ordinar}^ gas 
could withstand the action of the powerful leagents speci- 
fied above and hence we are obliged to assume that if it is 
a gas, and it seems to be, the emanation must belong to 
that mteiesting family of inert gases discovered by Rayleigh 
and Ramsay in the atmosphere, which are known as helium, 
neon, argon, krypton and xenon and which the reader will 
find tabulated in the zero group of the periodic law and 
discussed in Part II The piobabihty that the emanation 
IS an actual gas is greatly emphasized by the fact that it 
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may be condensed from the an with which it is mixed by 
the action of extieme cold The i idiuni emanation con- 
denses on the glass walls ol the vessels into a brilliant patch 
of pliosplioresceiit light it 150 degues below zeio, Ceiiti- 
giado If, thcreloie, it behivcs in ill these lespectshke in 
ordinary gas the leadci niiy wondei why it should not be 
definitely called a gas, but the difiiculty of it is that the 
emanation exists in so niinutc i quintity Hut it has not 
yet been bi ought within the iiiige of the spectioscope oi 
the balance The email ition his been detected, and in- 
vestigated by the clcctioscope [Figs 38 (o) and 38 (6)], which 



Fii> 3S(a) 

Cline’s Electioscopo foi the 
study of 1 iclio ictivit\ 



Fia, Q.)) 

I)i mull itic icpiesent ition of 
FiJ!; (a) 


An electioscopo ill dtlM tone ono millionth of i iiullionlh of nnill^ruu 


measmes the i idium i lys by the powei to disdiaige its 
dectiified gold leivcs Tlu dutioscoiie is about i mil- 
lion times nioie sensitive thin tlie most scnsitiv'^ spectio- 
scopo and yet the spectioscope is c ipiblc of detecting easily 
the millionth put ot a milhgi im ol in ittei So it is that 
hibtoiy lepeats itscll Tlu sjx'ctioscope, when placed now 
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m the hands of science, revealed the existence of several ele- 
ments occurring in quantities too small to be detected by 
any other means In a similar way additional elements 
have now been detected and isolated by this more powerful 
instiuinent, the electroscope, which for yeais has been the 
’ toj of every high school laboiatory There is every proba- 
bility that when gi eater quantities of radium aie at the dis- 
posal of the investigator the ladium emanation will be 
collected in quantity sufficient to demonstrate cleaily its 
spectrum as an element and its vapour pressure as a gas 
The amount of energy radiated by the emanation is almost 
incredibly large compared v ith the small amount of matter 
involved We have said that the emanation from a gram 
or two of radium chloride when hbeiated by solution is ca- 
pable of dluminating brightly a scieen of phosphorescent 
zinc sulphide for days at a time, and yet this rapid emission 
of energy arises from a quantity of gaseous mattei hundreds 
of thousands of times beyond the power of the most delicate 
balance to detect Professoi Rutheiford has calculated that 
if a thimbleful of this active gas could be collected the 
bombardment of its powerful ravs would heat to a rod heat, 
if it would not melt down, the walls of the glass tube con- 
taining it ' This lemaikable fact leads naturally to two 
very important questions 

(1) What IS the nature of the lays emitted by the emana- 
tion? Are they alpha-, beta- or gamma-rays, oi, to use the 
terminology of Part III, are they positive ions as big as 
atoms, corpuscles a thousand times smaller than atoms, oi 
X-rays? 

(2) What becomes of the radium from which the emana- 
tion has been removed, the de-emanated ladium? Has it 
lost any of its radio-activity, what kind of rays does it still 
emit? 
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For the first question the answer is ready The emana- 
tion emits only alpha-rays, bodies positively electrified as 
big as atoms 

For the second question, the answer is also ready The 
radium from which the emanation has been extracted has 
lost about seventy-five per cent of its activity, and the rays 
which it does still emit aftei the lapse of an hour or so are, 
again, only alpha-rays Leaving for the present the ques- 
tion as to what becomes of the beta- and gamma-rays, we 
are now face to face with possibly the most remarkable, the 
most interesting and the most dluminating fact in connec- 
tion with all this strange eventful history of the nature of 
radium We have said that the emanation ibstracted from 
the radium retained its ray-emitting powei for some time 
The obvious inference is that it eventually loses its power 
completely It does We have also said that the radium 
from which the emanation has been abstracted, after the 
lapse of an hour or so, loses seventy-five per cent of its ac- 
tivity This xlso IS tiue But watt a month, and the most 
remaikable fact crops out that the radium, during the inter- 
val, has restored all its lost emanation and has fully i egained 
its activity The interesting phase of the fact lies in the 
further discovery that the emanation abstracted from the radium 
loses its radio-activity at the same rate and according to the 
same laws as the de-emanated radium regains it A perfectly 
clear demonstiation of this is given m the diagram (Fig 39), 
in which the curve A represents the actual rate of recoveiy 
of the radium activity and cuive B the rate of decay of the 
ladium emanation The illuminating phase of the fact lies 
in its infeiences If, as is apparently the case, the i idium 
IS constantly generating and stoimg the emanation and the 
emanation as constantly decaying, the activity of the i adium 
at any one time is due to a balance between the decaying 
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and restonng processes, and since, moreover, these processes 
are wholly outside the sphere of known controllable forces, 
and cannot be created, altered or destroyed — since the process 
IS independent of the chemical form of the radium, whethei 
bromide, chloride, sulphate, etc ,— we are absolutely shut 
up to the conviction that it is a function of its atom We 
are in the presence of a veritable decay of the atom The 
atom of radium breaks down into atoms of emanation and 



the atoms of emanation m then turn break down into some- 
thmg else The activity of the emanation decays m ac- 
cordance with the cuive given in Fig 39, and falls to half 
value in about 3 7 days This has rendered it possible to 
calculate that there should be 463,000 times as much emana- 
tion stored in the solid as is formed per second Now, on 
dissolving the radium in water all this emanation should be 
spontaneously emitted in a rush, and this lush of emanation 
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can be measured by an electroscope and the figures stated 
above put to the test This was done, and it was discoveied 
as a matter of fact that the amount of emanation stored m 
the solid wis 477,000 times greater than the amount after- 
wards developed pei second The agreement between theory 
and experiment is remaikable and the experiment shows 
just how accurately it is possible to predict the results of ex- 
periments in radio-activity 



CHAPTER VIII 


Emanation X akd the Birth op Helium 

In addition to the power of giving off the alpha-rays or 
positive ions possessed by the emanation, it has the ad- 
ditional very remarkable property of exciting activity m 
any substance with which it comes in contact This is the 
mduced radio-activity discovered by Curie This activity 
of surrounding objects not otherwise radio-active is due to 
the fact that the emanation in decaying breaks down into 
a third invisible and unweighable radio-active body which 
deposits itself upon neighbouring bodies and which, appar- 
ently, IS in the nature of a solid Surrounding objects thus 
become radio-active This “ excited " activity, smce it is 
evolved from and results in the decay of the emanation has 
been called emanation X The emanation X has definite 
chemical properties for it can be dissolved in some acids 
and not in others If the acid in which the emanation X 
IS dissolved be evaporated it is left behind on the dish and 
its ladio-activity is unimpaired It has recently been dis- 
covered that this emanation X maj be volatilized at a 
white heat and re-deposited on cold bodies in the neighbour- 
hood, making them radio-active It is not the emanation 
for the rate of decay of its activity is markedly different 
from the rate of decay of the emanation It is a second 
form of active matter generated from radium via the ema- 
nation It IS this form of matter that gives rise to the beta- 
and gamma-rays which are emitted from the solid radium 
compound and which we faded to find either m the emana- 
( 122 ) 
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tion 01 HI the laclium fiom which the emination had been 
lemoved The emanation X emits alpha-rays as well, and 
it IS theiefoie probable that it, in its turn, bieaks down into 
two othei foims giving use to the beta- and gamma-ra\s 
lespectively, but we have now leached the last link in the 
chain of consecpiences which lesult fioni the decay of 1 1 - 
dium The mstiuments of the physicist, lefined thougii 
they aie, lefusc to take him taithei The radio-acti\ ity 
ot ladiuni miy be explained to this extent The solid 
ladium compound is continuously giving off energy, in the 
ioim of alpha-, beta- and gaimna-iays Ot this energy 25 
per cent belongs to the ladium itself, consists of alpha- 
lays, and may not be lemoved Of the lemaimng 75 pei 
cent 18 per cent belongs to the emanation piopei and con- 
sists also of alpha-riys, while the lesidue of the eneigy, 57 
pel cent , belongs to the emanation X, and the final pioducts 
ind consists of all thiee types of lays To the emanation X 
the solid active body pioduced by the emanation and capable 
of settling on othei bodies the majoi p ut of the energy from 
1 idium must thus bo asci ibed In a solid i admm compound, 
theiefoie, ill thiee bodies, the regenerating radium, the de- 
( lying emanation gis ind the solid emanation X exist to- 
gethei, and the totil actiaity of the ladmm is due at any 
one instant to i b dance lx tween the ciuahties and activi- 
ties of the thiee bodies theiein contained A question 
must now suggest itself to the leadei AMiat is the end of 
this chain of conse(|uencts? "W'hat is the final pioduct 
foimcHl in the decay of laclium^ Suiely some evidence of 
it must exist Now, some twenty-five yeais ago. Sir Nor- 
min Lockyer discoveied that there exists in enoimous 
c quantities m the atmosphere of the sun a certain element 
which, because it was not then known on earth, was named 
after its habitat— helium, oi the sun element Twenty 
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years aftei its discoveiy ou the sun it m is idcnitifK d by Sit 
William Ramsiy as a constituent ol coilain mitid ils in tlu' 
earth’s surface Its discovery both in tlio sun and in'” the 
eaith depends upon the fact that the element has i pet uliiu 
characteiistic spectrum (Fig 40) It iuined out to bt'Iong 
to the Aigon senes ol elements, those elements whit It 
the reader will find tabulited in the zeio gioup of tlit' 
peiiodic law (page 28), anti which ue all alike m the fat t 
that they are gases incapable of enteimg mtti t ht'mit il t om- 
bination and in this lespeet xie dilleient fiom ill othei elt'- 
ments It is a veiy lemaikable f let th it this g is, ht'luiiii, as 
found on eaith is always associited with i ulitKiitive min- 
erals, and it soon occuired to m iny minds thit ])t)ssibly it 
was a product of the atomic disintegi ihon of Iht' lutliuin 
A few months ago this was the meii'st specul ition Imt now, 
thanks to the rapid progiess of science, it looks as thtmgh it 
were a veritable fact The discoveiy aiose in the ftillowing 
way Sir William Ramsay and Mi Sotltly m the snninun of 
1903, were examining with the spectioseo[)e the .in whnh 
had been bubbled through a solution of i idnini bioniide m 
order to find whether or not it wis jiossible to discovei any 
traces of a spectrum of the em.ination, which, the uaiilei 
will lemember, is obtained m th it w.iy O’hc'y did disecnei 
some bright lines which they isciilied to the ('ni.inalion, but 
after standing foi some time the spectium ot hclniin made 
its appearance and increased m Inightness ioi scwc'ial dn>s 
This indicates that the helium is pioduccd fioni thc' ema- 
nation, that is to say that helium is a dismtegiaticm piod- 
uct of the laclium emanation It is possible' that the 
helium consists of the alpha-rays or jiositivc'ly electiific'd 
particles given out by the emanation The fac t that the 
mass of the alpha particle is about twice that of the hydi ei- 
gen atom bears out that idea, for the helium atom is nc'xt 
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to liycliogon to lightness Ho'^ovei that may be, if, as 
seems to be the case, helium is piodiiced fiom the radium 
decomposition, the Moild, m this expeiiment, has "witnessed 
the great ('st tiiumph of modem science — no moie noi less 
than the transmutahon of mallei The dieam of the al- 
chemistb is tiue Whethei helium is the finxl pioduct of 
the ladium dismtegrxtion, oi a by-pioduct fiom the emana- 
tion, IS to-dxy unknown 



10 Tho fi\e cli 11 ‘icteristic bright lines of the spectrum of helium 


We may now sum up the senes of ladio-active changes 
m radium by the following tibuUtion, lemembering that 
between the emanation X and the final pioduct theie piob- 
ably exists scveial mteimediate foims, and that somewheie 
in the chain helium appeals 

Radium containing 25 pei cent of non-sepaiable activity 
in the foim of alpha-i ays 

Radium emanation containing 18 pel cent of the activ- 
ity in the form of alpha-i ays 

Ridium emanation X con t aming 57 pei cent of the to- 
tal activity as alpha-,"' bet a- and g imm a-i ays 
Final product inactive 


Violet End 


CHAPTER IX 


Thoeium, Uranium, Polonium and Actinium 

While radium seems, to-day, to be the radio-active ele- 
ment par excellence, radio-activity is not confined to ra- 
dium Among the other radio-active elements, thorium is 
important Thorium is a comparatively rare element, and 
IS the fundamental constituent of nearly all the Welsbach 
gas mantles used foi lighting Its radio-activity is ex- » 
ceedmgly small compared with that of radium, but small 
as it IS, it IS in some respects more interesting even than 
that of radium All thorium compounds are radio-active 
All thorium compounds give off alpha-, beta- and gamma- 
rays — but, after this is said, the resemblance between ra- 
dium and thorium ceases The radio-activity of radium 
remains constant no matter how drastic the tieatment to 
which it IS subjected The radio-activity of thorium is 
not constant In fact it has been found possible by chemi- 
cal processes to separate out nearly all its activity and to 
concentrate it afterwards into a mmute quantity of in- 
tensely active matter 

If ammonia is added to a solution of thorium, the tho- 
rium IS precipitated m the form of a solid and so sepa- 
rated from the water in which it was dissolved But the 
water now retams the activity of the thorium and the 
precipitated thorium has lost it On evaporating this 
water solution down to dryness and igniting it, a small 
residue of intensely active matter remains which turns 
out, weight for weight, to be over a thousand tunes more 
( 126 ) 
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xctivo than the thoiium from which it was extiicted 
This sin ill qiuntity of veiy Tctivo mattei has been called 
by Ihe discovei, Rutheifoid, thoiium X On e\xmining, 
the Ihonum X md the piecipititcd thoiium a month 
litei, the isloiiishing usult became evident that the tho- 
iiuin X had completely lost its activity while the thoiium 
had wliolly logamcd it, fuithermore it was discoveicd that 
the late ot decay of the thoiium X was exactly equal to 
the 1 ate of leeovciy of the thormm This f ict is demon- 
strated m the diagiam (Fig 41) m which the actual cuives 



of decay and leeovciyaro given The only conceivabk 
explanation of this fact lies in the somewhat extiaoidinuy 
pioposition that the element thorium is constantly generat- 
ing fiom itself another solid clement, which decays at the 
same rate at which it is genei ated The radio-activity of 
thorium is due to a balance between two opposing forces 
which aie (1) the radio-activity resulting from the manu- 
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facture of thorium X, and (2) the decay of the activity 
of the thorium X, so produced Here again is a transmuta- 
tion of matter' We are not however at the end of this 
process of change, for it turns out that this thorium X m 
decaying, decays into an emanation similar in character to 
the emanation from radium but not identical with it Both 
the radium and thorium emanation give rise to alpha-rays 
only, but while the radium emanation condenses on the 
walls of the glass vessel at 150 degrees below zero Centi- 
grade, the thorium emanation condenses at 120 degrees 
below, furthermore the activity of the radium emanation 
decays to half value in 3 7 days, while the thorium emana- 
nation from thorium X decays to half value in one min- 
ute The two emanations are therefore not identical, 
though they are both unaffected by the most drastic 
methods of chemistry and seem to belong to the same 
cheimcal family The thorium emanation gives rise to an 
emanation X just as in the case of radium This emana- 
tion settles on the walls of the containing vessel apparently 
with the form of a solid and emits all three radiations, 
alpha-, beta- and gamma-rays As with radium emanation, 
it IS soluble in some acids and not in others, but it is no 
more identical with radium emanation X than thorium is 
identical with radium — just as with the two emanations the 
time rates of decay of activity in the two emanations X 
are different 

Fmally, as with radium, the thorium emanation X decays 
into some end product which does not possess ray-emitting 
powers and which the mstruments of to-day are unable to 
determme The mam difference between the radio-activity 
of radium and thonum seems to he chiefly in a difference m 
mtensity and m the fact that thorium breaks down into a 
radio-active sohd mtermediate between the thorium and the 
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thoiium emanation No similiai radium X has yet been 
discovered The radio-activity of a solid thorium salt is 
then due to the radio-activity of the thorium, the thorium 
X, the emanation, and the emanation X, all condensed 
within it 


THE RADIO-ACTIVITY OF URANIUM 

Uranium was the first element discovered to possess 
radio-activity, the power of continuously emitting pene- 
trating rays Since radium was cxti acted from uranium 
minerals, it was at first imagined that the activity of ura- 
nium was due to radium impurity This was a mistake 
The radio-active power of uranium, however, is very small, 
1,500,000 times less than puie ladium It possesses, how- 
cvei, a special inteiest in the fact of its simplicity Like 
thorium, and unlike ladium, it continuously gives use to a 
solid disintegration pi oduct, uianium X, though this diffeis 
fiom thoiium X m emitting beta- instead of alpha-rays 
The uianium fiom which the uianium X has been extracted 
emits only alphx-iays Just as in ill ladio-active piocesses, 
the decay ot the activity of the uranium X and the revival 
of the activity of the puic urinium take place at the same 
rate, so that the activity of i uianium compound at any one 
instant is due to a balance between the opposing foices of 
decay and lestoiation Half of this pioccss ot decay and 
restoration takes place in twenty-two days Unhk both 
radium and thoiiu u the ui niiiim X giaes use to no emana- 
tion and coiisociuciitly to no ciinnition X As a lesult of 
this tact bodies in thc' nc ighbouihood do not become radio- 
active The active uianium X dec lys, appaiently, diiectly 
mto some inactive piocluct ITranium has been used to 
test the constancy of i ulio- active piocesses Foi over five 
years the activity of a sample ot uianium has been tested it 
9 
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intervals of 48 hours and during this mterval no perceptible 
weakening of the radiation has been observed A varia- 
tion of one one-hundi edth thousandth of its activity would 
have been apparent — a singular example of the constancy 
of radio-activity and the powers of radio-active methods 

POLONIUM 

Polonium was first extracted from the mineral pitchblende 
by Mde Curie and named in honour of her native country, 
Poland It IS chemically a sister to bismuth, from which it 
has never been satisfactorily separated A most minute 
quantity, only, has been obtained for experimentation Po- 
lonium IS intensely active but differs from other radio-active 
elements m giving use to alpha-rays only Furthermore, 
its activity seems to decrease with time, a result quite out 
of concord with the activity of the other elements 

Prof Markwald has recently succeeded in extracting 
what seems to be the same substance by another method 
The polonium^’ obtamed by him is intensely active A 
minute trace on the end of a rod will cause a diamond to 
phosphoresce brightly and, indeed, may be used to distinguish 
the diamond from imitations The activity of polonium is 
so great that an electric bell will ring at its mere approach for 
it renders the air m its neighbourhood a strong conductor of 
electricity Owmg to the minute traces as yet isolated, 
knowledge of polonium is m a chaotic condition , but since 
its activity seems greater even than radium it bids fair to 
be an important factor m futuie research 

ACTINIUM 

Another radio-active element discovered m Prof Cune’s 
laboratory has been called actinium Chemically it re- 
sembles thorium but its activity is many thousands of times 
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gi eater Like radium and thoiium, it gives rise to an in- 
tensely active emanation which, however, loses its activity m 
X few seconds A minute quantity only has been extracted, 
but it has been sufficient, nevertheless, to demonstrate its 
powerful radiations A piece of paper placed in the same 
vessel with a trace of actinium becomes in a shoit time 
1 idiantly active xnd is capable of lighting up a screen of 
zinc sulphide by its mere presence 
These then aie the ladio-active elements radium, tho- 
iium, uranium, polonium, and actinium Each one has 
piopeities which differentiate it fiom all the others 
We append a tabulai statement of the mam radio-active 
changes which manium, thoiium, and radium undergo, to- 
gether with some of the properties of the changing bodies 
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Radio-active bodies 

Properties of 
active matter 
undergoing 
change per 
second 

Time taken 
for half of 
body to 

undergo 
change 

Kind of 
Rays 

Uranium 

Uranium X 

1 

Hnal product 

36 

100,000,000 

22 days 

alpha 

beta 

(and 

gamma?) 

Thonum 



alpha 

1 

Thorium X 

l 

2 


alpha 

1,000,000' 

115 

4 da\s 

• (and 
beta?) 

Thonum emanation 

JEmanation X 

10,000 

22 

1 minute 

alpha 

(first change) 

100,000 

55 minutes 

no rays 

Second change 

Final product 

174 


alpha, 1 

10,000,000 

11 hours 

beta and ' 
gamma ■ 




Radium 

211 


alpha 

Radium emanation 

Emanation X 

100,000,000 

4 

3 7 to 4 daj s 

alpha ' 

(first change) 

1,000 

318 

mmutes 

alpha 

1 

Second change 

1,000,000 

41 

36 minutes 

no rays | 

Third change 

100,000 

28 minutes 

alpha, 
beta and 
gamma 

Fourth change 

Final product 


200 years 

alpha 1 
and beta ] 


Chemical and 
physical prop- 
erties 


Soluble in ex- 
cess of ammo- 
nium carbonate 

Insoluble in e\ 
cess of ammo- 


Solublo in am- 
monia 

Soluble in am- 
monia 

Behaves like a 
chemically inert 
gas of heavy 
molecula r 
weight, con- 
denses at — 1200 
C 

Attaches itself 
to the surface 
of bodies 


Behaves like a 
chemically inert 
gas Condenses 
it— 1500 C 


CHAPTER X 


Radio-activity Everywhehe 

Radio activity is not confined to the laclio-active elements 
It exists eveiy where though in minute degiee The an of 
cellars and caves is maikedly radio-active So is the air 
sucked up fiom the soil, and paiticulaily clay The an 
of the fiec atmospheie, noimal an, is slightly ladio-active 

A wire stiongly electiified and suspended in the air for a 
few hours acquiies a stiong lay-emittmg powei which may 
be lubbed off and transfeiied to leathei moistened with 
ammonu 

Fleshly fallen lun and snow aie radio- ictive Air 
bubbled tliiough the Cambiidgc tap-wrtei emits lays, so 
does the suifice watci of New Haven, Connecticut, and 
air boiled off fiom the mmei il spiings at Bath Natuial 
caibonic acid aiising fiom gioat depths of old volcanic 
soil has been teste d and found active, and so has the fine 
mud fiom the minei il spiings of Noithein It ily and the an 
of the B iltic eo isl E\oiywheie ovei the o nth theie seems 
to uiso ni emission ot peiu li ding i lys Foi tlic most p iit 
those lays seem to be due to the piesence of unall cpianti- 
ties of ladium eont lined in tlic enth and peimeatmg the 
atmospheie with its emuution But is it ill due to this 
Aie we sme tint all mxttei is not to some slight extent 
ladio-active Many oidinny substances certainly do show 
mdio- ictivity Thus, tm-foil, glxss, sihei, zinc, lead, cop- 
pei, platinum and iluminum, all of them xie slightly raeho- 
ictive Shall we account foi this on the ground that they 

( 133 ) 
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all contain small quantities of the strong radio-active ele- 
ments as an impunty, or that it is the natural intrinsic 
property of all matter to emit rays ? 

That important question is for the future to decide Of 
one thing we may be certam If all forms of matter pos- 
sess the power of emitting rays they do so to an exceed- 
mgly minute degree Radio-activity, as we are accustomed 
to consider it, seems to be par excellence the property of 
the heavy atom of matter And if m the future new heavy 
atoms are discovered we may safely predict for them, as 
an mtrmsic property, the possession of radio-activity 
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THE RESOLUTION OF THE ATOM 


CHAPTER I 

Modfrn Alchemy The Transmutation of Matter 

Amid the shifting scenes wherein they live, men have 
always believed in the existence of an underlying re ility or 
unity of which the ordinal y changing forms of mattei are 
but a superficial manifestation 

There abides in nature a certain form of matter which 
being discovered and brought by art to perfection, converts 
to itself all impel feet bodies that it touches ” This is a 
saying of the ancient alchemy, and it constitutes a prop- 
osition from the rooted belief in which have spiung many 
centuries of sweaty, toilsome, futile effoit 

In chemistry we lecognize how changes take place m 
combinations of the unchanging This is the statement 
of chemistiy, the daughtei of alchemy 
The two forms of statement aie alike in this, that they 
postulate an underlying essence of simplicity and perfectness 
With the alchemist this simplicity lay in a certain sub- 
stance Commonly, it was called the philosojoher^s stone 
and, later, the elixir of life By means of it, if one could but 
come at it, it was possible, at a touch to transmute all 
baser metals into gold and, by drinking it, to gam eternal 
life on earth 
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The possibility of transmuting one metal into anotliei 
seemed entirely leasonable to medieval men, and, taking 
then point of view, it ira'? reasonable They weri' imbued 
with the idea of growth and change They saw that plants 
and animals grew from one form into another and, it so, 
why not metals? 

Here is something of the argument between Subtle and 
Surly in old Ben, Johnson’s “ Ahhemist,” in which Subtle 
is endeavoring to persuade Surly of the transmutability of 
the metals and, incidentally, to cozen him out of his money 

Subik No egg but differs from a chicken more 
Than metals m themselves 
Surly That cannot be 

The egg’s ordamed by nature to that end. 

And IS a chicken in potenha 
SvhUe The same we say of lead and other metals, 

Which would be gold if they had time 

for ’twere absurd 

To thmk that nature m the earth bred gold. 

Perfect in the instant, somethmg went before 
There must be remote matter ” 

This remote matter was of course the philosopher’s stone 
which Subtle was about to prepare at Surly’s expense The 
hnes m which Subtle concludes his argument are interesting 

“ Besides, who doth not see m daily practice 
Art can beget bees, hornets, beetles, wasps. 

Out of the carcasses and dung of creatures. 

Yea, Scorpions of an herb, bemg rightly placed ? 

And these are living creatures, far more perfect 
And excellent than metals ” 
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If “art can beget bees out of the carcasses and 
dung of creatures,” why, the production of gold out of 
lead ought to be, in comparison, r simple task, for, cei- 
tainly, r bee is a more complicated structure than a metal 
But Surly is proof against the subtleties of Subtle, and 
says 

“ That alchemy is a pretty kind of game 
Somewhat like tricks o’ the cards, to cheat a man 
With charming,” and so, in truth it was. 

That wonderful transmuting stone still evaded the mind 
and hand of man to find 

The years rolled on, alchemy glided into chemistry, and 
the search for the one simple perfect thing capable of trans- 
muting by its touch one element into another became itself 
transmuted into the study of “ how changes take place in 
the combinations of the unchanging,— the unchanging things 
being what the chemists called the elements of matter, gold, 
iron, copper and the like The alchemists, fanatics, knaves, 
or knavish-fanatics, g ive place little by little to investigat- 
ing men of another type, keen-minded, accurate, and con- 
servative in their judgments, pre-eminently, men who did 
not believe in fairy-tales Robert Boyle in 1681 in the title 
of his hook “ The Skyptical Chyinist” defines, in general, 
the chaiactei of all succeeding chemists, for “skyptical” 
they hive always been, beyond, even, the followers of any 
other science Beginning with Boyle, these men giadually 
displaced the alchemical “simple, perfect essence” by a 
thorough-going belief m the existence of from seventy to 
eighty elements which they found it impossible to break 
down into simpler bodies, and out of which in their various 
combinations the world of matter is made These elements 
were undecomposable, unchanging, simple things It is true 
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that chemists were alwa 3 rs careful to guaid then definition 
by the statement that the elements weie undecomposable 
so far as they could do, and simple so far as they could see, 
but the underlying assumption of two bundled years of 
chemists was that the elements were simple, unchanging 
bodies Gold was gold and iron was iron, and any attempt 
to make them other than themselves was the pioper func- 
tion of the men of a thousand years hence Of couise, there 
were men who divmed rather than reasoned that this sim- 
plicity and unchangingness were apparent rather than ical 
Thus, m 1811 we find Davy sa 3 nng “It is the dutj of the 
chemist to be bold in pursuit He must recollect how 
contrary knowledge sometimes is to what appeals to be ex- 
perience To inquire whether the metals be capable 
of bemg decomposed and composed is a grand object of 
true philosophy” Again, m 1815, Faraday uses siniilai 
terms when he says “To decompose the metals, to leform 
them, and to realize the once absurd notion of transmuhv- 
tion, are the problems now given to the chemist for solu- 
tion ” But these were a oices crying in the wilderness and 
the possibility of the transmutation of one element into an- 
other was, on the part of everybody, deemed as absurd as 
the existence of the philosopher’s stone which, to the al- 
chemists, was to accomplish the work 
We have now to present to the reader some remarkable 
facts Let us leave, for the nonce, all talk of atoms, ions 
and corpuscles, and the mysterious rays of radium, to con- 
sider in a simple way some straightforward matters of fact 
connected with radio-actmty We are dependent for these 
“ facts ” on the men who enunciate them, but if these men 
are men of light and leadmg, if they command the respect 
of all their confreres, and if they occupy positions of the 
highest honour and responsibility in the world of science we 
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must have faith in then facts ” Such aie the men upon 
whose ipse duit the facts of the science of i adio-activity 
mainly rest They aie distmctly men of ci edibility Hav- 
ing confidence, then, in then statements of fact let us ex- 
amine into them 

We discover that theie exists in lutuie a certam well- 
known " element,” uranium This element is radio-active, 
that IS, it has the powei of continuously emitting rays 
These lays are of two kinds one, the positively electrified 
and slightly penetrating alpha-rays, and the other the highly 
penetrating and negatively electrified beta-iays 

By methods of chemical fractionation somewhat similar 
to that by which radium is isolated from pitchblende, 
it has been found possible to separate from this uranium 
another substance altogether, and, furthermore, it turns 
out that this separated substance is entirely responsible for 
the beta-rays of the oiigmal uianium, the substance from 
which it was extracted giving use only to the alpha-iays 
The extracted substance is known as uianium X This fact 
IS followed by anothei The extracted uranium X gradually 
but completely loses its power of emitting the beta-rays, 
and at such a rate that half of it has disappeared in about 
22 days, while, on the contiary, the uianium fiom which it 
has been extracted legains this power at the veiy same 
rate, and eventually becomes as potent as ever Aftei it 
has been lestoied you may, it you like, extract a second 
quantity of uranium X, and a thud, and a fouith, and so 
on, so tar as is known, ad infimtum This is a matter of 
fact into which no theory enteis On the basis of this 
fact, then, we seem compelled to conclude that the uranium 
IS continuously manufacturmg from itself another substance, 
uranium X, which has only a transitory existence, and 
that the power of emitting these penetratmg rays, which an 
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ounce of any uranium compound at any time possesses, is 
due simply to this uranium X existing therein, the quan- 
tity of which depends on a balance between the late at 
which it decays and the rate at which the uranium manu- 
factures it 

We may attempt to illustrate this mechanism liy ( on 
structing a crude analogy 

Let us suppose that we have a full-grown sweet-pea vine 
and that the vine is the uranium 

The tendrils of the vine are thealpha-iays fiom uranium 

The flowers are uranium X 

The scent of the flowers are the beta-rays from uia- 
nium X 

Let us suppose, moreover, that we leave the vine strictly 
alone We can easily see that there will come a time m 
our garden when the flowers of the vine will decay as fast 
as the vine produces them, and that the total number of 
flowers on the plant will depend upon a balance between 
their rate of growth and decay Similaily, there comes a 
time with the uranium, when the amount of uranium X pro- 
duced decays as fast as the uranium pioduces it, and the 
total amount of uranium X in the uianium dc'pcnds uiion 
a balance between its late of growth and dec ly If we 
were working with our floweis in the daik as ve <ue, met- 
aphorically speaking, with oui uranium, we might estimate 
their number by picking them out by their scent, we do 
estimate the amount of uranium X formed by the amount 
of its beta-rays Now, let us suppose tliat some dewy 
morning we snipped off every flower, in other words sup- 
pose we extract the uranium X from the uranium We 
now have the flowers with their scent in one hand, and 
the uranium X with its beta-rays m the other There re- 
mams the destitute vine with its tendrils and the destitute 
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uranium ■with its alpha-iays The flo'wers ivith their scent 
decay in oui hand, so docs the uranium X -with its beta- 
lays But the vine begins at once to restore its floiveis 
with then scent and soon has as manj as before, so does 
the uranium soon icstore its uianium X with its beta-iays 
We must not be misled by our analogy The plant pioduces 
its floweis by giowth, the uianimn its uranium X ap- 
puently by decomposition 

“But” you say, “ do you mean us to infer that the ele- 
ment uranium (the element, mind you) is transformed into 
a totally different body ? ” We may as well face the issue 
squarely Yes We do Furthermore, we believe that it 
IS changing at a definite rate every second of the day, day 
in and day out foiever, or at any rate so long as any of 
it remains We behove that we have here a veritable trans- 
mutation of mattoi just as wondciful as would be the tians- 
mutation of lead into gold, no more no less We believe 
that the alchemists weic light, that matter is not only 
tiansmutablo but tiansmutmg, and that without the aid of 
any philosophers stone, diabolic influences, oi even the 
modern appliances of a scientific 1 aboi atory Nay, in spite 
ot them, for, appaiontly, no human effoit can cithei aid or 
hmdei this pioce.ss It seems to be the veij symbol of in- 
evitability 

We may now imagine ouisolves confionted by an oppo- 
nent in the foiin of a chemist of the old school, one whose 
mind has lost some of its plasticitj so that he does not 
icadily assimilate new ideas, but who, neveitheless is true 
to the tiaditions of his class in being thoroughly “skyp- 
tical ” We can imagine this gentleman saying “Pooh 
How do you know that this uianium X is cliff eient from 
uranium’” We can answer this question faiily and 
squarely by the statement that it has different chemical 
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qualities Uranium is soluble m excess of ammonium car- 
bonate while the uranium X is mt In a mixture of ether 
and water, the uranium dissolves in the ether while the 
uranium X dissolves m the water There is no better 
cntenon for a difference in natuie than a difference m 
chemical property “ But how do you know says he, 
“ that the element uranium has anythmg to do with the 
matter? You use the uranium in the form of a compound 
It IS a property of the compound, not of the element ” 
No, it IS not The radio-activity of the compounds of ura- 
nium, and hence the amount of uranium X formed, de- 
pends solely upon the per cent of uranium which the com- 
pounds contam, and it is a matter of mdifference whether 
it IS in the form of nitrate, oxide or what not Not only 
so, but the free element itself is ladio-active and on being 
dissolved will give nse to uranium X Theie is no escape 
from the fact that the phenomenon is a function of the 
element uranium itself “Well,” says the old gentleman, 
testily, “ you say that the uranium X is a transitory ele- 
ment, (save the mark ')» and that it decays Now, what 
does it decay ^w^o ^ What becomes of the dead uranium 
X?” 

•This IS an awkward question, so far as uranium is con- 
cerned We do not know what becomes of the uranium 
X for the reason that it decays into a body which does 
not emit rays, and its radio-activity is the only means 
by which ve can measure it The amount of uranium X 
formed is so small that it would take geological epochs 
of waiting to secure enough to weigh, much less examine 
chemically But if we cannot follow the process farther m 
the case of uranium, we certainly can m that of an anal- 
ogous radio-active body For just as uranium gives rise 
to uranium X, so does the element thonum give rise to 
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<x bimilai body, tlioimin X Unlike, howevei, uranium X, 
the tliorium X, on decaying, gives rise to a third ladio- 
aclive body which has been called the thoiium eyyianatiorij 
- in emanation, because its discoaeier Ttutheiford was 
unwilling to pio]iidge the question as to whethei it was a 
gis On dissolving the thoiium compound in water and 
bubbling an through it, this emanation passes away with 
the ail and fioits about with it Its piesence is obvious 
liom its ray-cmiltmg powei which is intense It is ceitainly 
not finely disseminated thorium X because its late of de- 
( ly IS wliolly diffeient It seems to be a gas We explain 
this to oui opponent who hits his bushy eyebiows and 
cpiK'tly asks “It this emanation is a gas, at what teni- 
])ei ituie does it liquity*?’^ This is i teiiible question, for 
it it is a gis, 01 mattei it all, theie must be a tempeiature 
it whidi it will condense just as steam condenses to 
w itca it 100 degiees Centigiadc, and our mstiuments 
should be able to deteimine this condensation thiough its 
lay -emit ting powci We want nothing bettei, though, than 
this (juestion The emanation fiom thoiium condenses 
simply at a tempeiatuie ol 120 degiees below zeio on the 
()( ntigiade scale to a brilliant patch of phosphoi escent light 
We pioceed to inloim oui opponent that not only has tJie 
emanation a definite liquifying point but that it obeys Boyle’s 
Liw 111 tint, in a definite volume of an, its quantity is pio- 
poitionate to the piessuie, and, fuithei, that fiom its late 
()( dilfusion thiough iii, oi thiough a poious plug, its den- 
sity h<is been determined by well-known methods as about 
100 times that of hydiogen gas We heap this up by say- 
ing that vve can even tell the paiticulai family of the ele- 
m( Ills to which the emulation belongs, foi since it is abso- 
liil 'ly indestiuctible and unchangeable undei the most 
di 1st 1C chemical treatment, it is, evidently, a gas belonging 
30 
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to the argon faindy of the elements m the periodic law 
This dazes the old gentleman a little, but he returns to the 
attack “This so-called emanation is probably nothing but 
dust m the air which has become radio-active through con- 
tact with the thorium You know that the international 
congress of chemists has decided that a new element, to 
have any validity, must have a mapped spectrum I am 
gomg to ask you, then, for the spectrum of this emanation 
which you teU me is a transmuted element from thorium ” 
This request is hardly fair, for the mstiuments which meas- 
ure the properties of these mterestmg bodies, the electro- 
scope and electiometer, are hundreds of thousands of times 
more refined than the most delicate spectroscope 
Yet we are able to satisfy him, not, it is true, with the 
emanation from thoiium, for its life is too short Half of it 
has died in a mmute from the time of its birth, and this Is too 
short a time for the adequate observation of the infinitesi- 
mally small quantity of matter mvolved 
But we can easily satisfy hun with a perfectly similar 
emanation from the new element radium, for the life of the 
radium emanation is longer 

About the fiist of June, 1904, Sii William Ramsay suc- 
ceeded in determming with ceitamty the position of ceitain 
Imes m the spectrum of this transmuted element, the “em- 
anation” evolved from radium 
The spectral Imes characteristic of the emanation are 
transient because the element itself is transient, but they 
are defimte, and different from the lines belongmg to the 
spectrum of any other known form of matter 
It IS interesting to note m this connection that one of the 
most persistent of the lines observed is identical with one 
observed m a lightnmg flash by Pickermg So sure is Ram- 
say that the emanation fiom radium has a definite though 
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transient existence as a tiue element, that he pi eposes to 
give it a definite name as an element so that it may take 
its place with others m the Table of the Elements He 
has called it exradio, tlie element evolved out of radium 

“There is just one thing more,” says our sceptical 
chemist, “that I can faiily ask you to do These tians- 
muted elements, such as youi emanation, aie nev Evolve 
me, now, in element that we know , — and I shall be an 
alchemist ” 

We shall do it In June, 1903, about one year piior to 
the discovciy alluded to above. Sir William Ramsay and 
Ml Soddy discovered that this ladium emanation decayed 
into, or became tiansmuted into, an entiicly different ele- 
ment with which the woild of science has been acquainted 
for yeais, — ^namely, the element helium By obseivmg 
thiough i spcctioscope a spectium-tube containing the ra- 
dium emination, they weie able to obseive the actual 
biith of helium At first, no spectrum lines charac tens tic 
of helium weio observed, but piesently they appeared, 
faint at fiist but evei inci casing in brightness until they 
became uninist ikable, and the biith of helium was an ac- 
complished fact Helium has been a well-known element 
evei since its discovciy on the sun by Lockyei twenty-five 
yeais ago, and its subsequent discovery on eaith by Ram- 
say in 1895 We have discovered that it is a transmuta- 
tion product of the element ladium 

“Well,” says oui chemist, sceptical no longei and with 
all thehumoui of his class, “I am like Kipling’s elephant 
when the alhgatoi had him by the nose ‘ This is too buch 
foi be ’ ” 

And so. 111 tiuth, it is 

We have loained, then, without the use of any theoieti- 
cil conceptions, and as a iiuttei of simple fact, that cer- 
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tain elements such as uranium, thorium, radium, with as 
much right to the title of elements as any other, break 
down or become transmuted mto certain other elements 
also, with a perfect right to the title Certam of these 
transmuted elements have but a brief span of existence, 
and are but half-way stages to some final products of de- 
composition The following table shows us the duration of 
existence of some of these transmuted elements 


NAME OF TBAN8MUTBD ELEMENT TIME TAKEN FOB HALF OF BODY 

TO UNDBBGO CHANGE 


Uranium X, 

Thorium X, 

Thorium emanation, 

Radium emanation. 

Radium emanation X, 1st change, 

2d change, 

3d change, 
4th change, 
Fmal product 


22 days 
4 days 
1 mmute 
3 7 days 
3 minutes 
21 minutes 
28 mmutes 
200 years? 


We know this elemental transmutation only as it is re- 
vealed by radio-activity, the power these elements possess 
of emittmg penetratmg rays The mstruments by which 
these changes are traced are hundreds of thousands of times 
more sensitive than any known mechanism, but their re- 
sults are definite and reliable The amount of elemental 
transmutation taking place at any one instant is exceed- 
ingly small, but it is actual It is, at this day, beyond the 
power of man to aid or hinder this process It seems in- 
evitable 

Twentieth Century Science has this work to do To use the 
prescient words of Faraday nearly a century old “To de- 
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compose the metals, to refoim them, and to realize the 
once absurd notion of transmutation, are the problems 
now given to the chemist for solution ” 

The alchemist became the chemist, and the chemist has 
become the alchemist 



CHAPTER II 


Atomic Disintegration 

Let us for a moment come to a pause with knowledge to 
consider what we have already gained without regard to the 
heights above 

First, we discovered m Part II, called, “ The Mystery of 
Matter,” that the atoms of the elements were so curiously 
related to one another that any hope of explaining the mys- 
tery apparently inherent m them lay in the findmg of par- 
ticles smaller than themselves out of which they could be 
built up Next, m Part III, called “Gaseous Ions,” we dis- 
covered that such particles, a thousand times smaller than 
the smallest atom, do actually exist in candle-flames and 
glowmg metals, withm the arc-lamps of the street, m the 
neighbourhood of dynamos, m the piesence of X-rays, or on 
bubblmg gas through water Furthermore, in Part IV, on 
“Radio-activity,” we found these same particles flying off 
with inconceivable velocity fiom bodies in their natural 
normal condition, — bodies such as uranium, thorium and 
radium, and finally we find that the soil and water of 
the earth itself emits them and that the air we breathe 
eontams them These little bodies are invariably as- 
sociated with matter and arise fiom matter — from any 
form of matter under special conditions, and from special 
forms of matter under any conditions From whatever 
source they arise, these corpuscles are similar in all respects 
with the exception of mere velocity 
( 150 ) 
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Since the mass of the corpuscles is a thousand times 
smallei than the mass of any known atom, we see that the 
coipuscle must be a constituent of all substances, — that as 
a inattei of fact, the atoms of all the elements must have 
coipuscks in common We aie in this way face to face 
with the idea that the atoms of the chemical elements are 
actually built up of coipuscles Evidence in suppoit of 
this hypothesis is not wmting For example, on page 72 
ot Pait III of our woik will be found the law of absorption 
ioi coipuscks, in which it is appaient that the resistance 
which substances inteipose to the passage of coipuscles 
thiough them, in othei woicls, then opaqueness, depends 
sole ly upon the density of the substance If one substance 
IS twice IS hexvy as anothci it is only half as tiansparent 
to (oipuscles The paiticulu kind of mattei has nothing 
to do witli it How difteient substances act towaids light 
■\v xves may be seen in the case of coik which is just as 
opaciue as iron It is all easily explicable op the theoiy we 
me considciing If each atom of matter is built up of 
corpuscles and if these coipuscles are extremely mmute 
compared with the atom as a whole, it is evident enough 
that we must look upon an atom as an open stiuctuie in 
which the v leant spaces aie enoimous compared with the 
s’/e of the tiny corpuscles scatteied thioughout the atomic 
system Wo may, with Lodge, illustrate the relation of a 
coi puscle to the atom which it inhabits, thus 

If wc imagine an oidinaiy chuich to be an atom of hy- 
(hogen, the coipuscles constituting it will be lepiesented 
by al)out 1000 grams of sand each the size of a period so , 
(lashing in all directions inside or rotating with inconceiv- 
ibl(' velocity, and filling the w’^holc interior of the church 
with their tumultuous motion Such an atom wmulcl be 
penetrable to other corpuscles in inverse proportion to the 
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number of corpuscles constituting it, while it would be 
opaque to other atoms In other words, the absoibmg 
power of a substance must, therefore, on the basis of our 
theory, be simply proportional to its density, and as 
we find it so m fact, it makes our theory just so much the 
stronger Reinforced by this mdependent fact we can there- 
fore go forward with good courage 
In the precedmg chapter we found that the element 
uranium became contmuously transmuted mto a totally dif- 
ferent element, uranium X, and that the same transmuta- 
tion was true of other elements Any gnen mass of the 
element uran i um consists simply of x or 1/ atoms of that 
element, and, hence, if there is a transmutation mto any other 
element, it must consist, simply, m the transmutation of the 
atom of the first mto the atom of the second The trans- 
mutation IS entirely atomic But this leads us to t.hmV 
that the atom of any given element consists not only of 
corpuscles but of systems of corpuscles Take, for example, 
the case of thorium The atom of thorium breaks down 
mto the atom of thonum X with the evolution of material 
particles that we call the alpha^rays The atom of thorium 
X, m its turn, breaks down mto the atom of the thorium 
emanation with the evolution of stiU more alpha-ray par- 
ticles The atom of the thorium emanation follows the ex- 
ample of its predecessors m breaking down mto the atom of 
the thorium emanation X agam with the evolution of alpha 
particles, and the atom of the thorium emanation X itself 
breaks down mto some atom of an unknown type with 
an evolution not only of the material particles of the alpha- 
rays but of beta- and gamma-rays as well The origmal 
thorium must, therefore, be an exceedmgly complex sys- 
tem of corpuscles,— system within system— for it has within 
Itself the potentiality of at least five different atoms This 



ATOMIC DISINTEGRMION 


153 


leads us to think that, as Rowland long xgo said, “a broad- 
way grand pi mo is a veiy simple mechanism compared 
with, say, an atom of non ” 

On the basis, then, of the theory that the atom of any 
element is a complex of coipusculai systems we should be 
able to account foi the followmg mysteries of mattei 


1 Pi out’s Hypothesis, 

pp 19, 20 

2 Triads of Dobereinei, 

pp 21, 22 

3 The Pei iodic Law, 

pp 22-25 


4 Group Relations of the 

Law, pp 30-33 

5 Series Relations, p 29 

6 Valency, p 37 

7 The Inert Elements of 

the Zero Group, pp 
36-38 

8 The electro-chemical 

properties of the ele- 
ments 

9 Radio-activity and the 

existence of unstable 
atoms 


We begin with a corpuscle We know it to bo a paiticle 
a thousand times smaller in mass than the smallest atom 
We know it to possess a high velocity We know it also 
to be chaiged, mvaiiably, with a definite charge of negative 
electricity But since a negative chaige of electiicity has 
always associated with it an equal positive charge, we 
should expect the negative charge on our coipuscle to 
follow the pattern of all other negative charges and to have 
associated with it, too, an equal charge of positive electric- 
ity Our atom, therefore, we assume to be a sphere of 
positive electrification enclosing a number of negatively 
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electnfied corpuscles, the negative electricity of the cor- 
puscles exactly balancing the positive electricity of the en- 
closing sphere 

This IS all that Professor J J Thomson requires for his 
immensely important work on the theory of the structure 
of the atom in which the consequences of this assumption 
are mathematically demonstrated He places before him 
the following questions for solution (1) What would be 
the structure of such an atom, i e , how would the cor- 
puscles arrange themselves m the sphere, and, (2) what 
properties would this structure confer upon the atom? 

The answer to the first question, how the corpuscles 
would arrange themselves in the sphere, depends on the num- 
ber of corpuscles and their motion If we assume that the 
corpuscles are at rest they will arrange themselves within 
the sphere so that they are in equihbrium under the attract- 
ive force of the sphere and then own mutual lepulsions 

If there are two corpuscles, only, A and B, they will be 
in equilibrium if placed on opposite sides of the centre of 
the sphere at a distance equal to one-half the ladius (Fig 
42 ) If there are three corpuscles. A, B and G, they will be 
m equilibrium if they form an equilateral tiiangle with its 
centres at the centre of the sphere (Fig 43) 




Four corpuscles will arrange themselves at the corners 
of a square In aU these cases the corpuscles arrange 
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th.eiD.sclves as though, they were on an inner sphere con- 
centiic with the outer one and it is natuial to suppose that 
any nuinboi of such coipuscles could be placed over such a 
gplioic ind balanced by the attraction of the outer spheie 
and thou own mutual lepulsions Piofessor Thomson has, 
howovoi, shown most decidedly by mathematical calcula- 
tion that such IS not the fact 

As cX matter of fact he shows that unless the numbei of 
eoi pusclcs IS small, not more than five, this arrangement is 
unstable and consequently could never maintain itself 
W^hen the number ot corpuscles exceeds five they break up 
into two groups The group containing the smaller occupies 
•tlio surface of an inner shell towards the centre The others 
are on an outer shell concentric with the inner one , the 
splieie of positive electrification surrounding and balancmg 
them all As the number of corpuscles still further in- 
ci’casos there comes a stage at which the equilibiium cannot 
be stable even with two groups and the corpuscles divide 
themselves into three groups on three concentiic shells, and 
as the numbei increases after that, moie and moie groups 
lie" necesMiy for equilibrium This has been neatly and 
elegantly shown by Professor Mayer in an evpeiiment 
with a model atom nr which the forces pioducing equilib- 
rium aie similar to those producing equilibrium among the 
corpuscles in the real atom as ve aie considering it to be 
iia natuie 

In this expel iment, a numbei of tiny magnetized steel 
needles thiust through discs ot cork aie floated on watei 
so that the little negative poles are all above the surface 
of the water while the positive poles are beneath These 
little floating negative magnetic poles, just like corpuscles, 
r epel each other with forces varying inversely with the 
square of the distance In this way each httle negative 
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pole stands for a corpuscle The attractive force of the 
sphere of positive electrification is provided for by a posi- 
tive magnetic pole suspended at some distance above the 
surface of the water The forces actmg on these little 
floatmg magnets are thus similar to the forces acting on the 
corpuscle in an atom They are free to move, they repel 
one another, and they are attracted by an exterior radial 
force The mam difference between the corpuscles and the 
magnets is that the corpuscles may move in any direction 
m space, while the floating magnets may move only in the 
plane of the surface of the water The arrangements as- 
sumed by the floating magnets as the number mcreases 
from two up to nineteen are shown in Fig 44 



Fig 44 


Here we see that three magnets form an equilateral 
tnangle, four a square, five a pentagon, but that when the 
number excee4B five one or more of the magnets seek the 
centre Thus with six magnets we have one at the centre 
and a pentagon of fife surroundmg it With, say, ten 
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magnets wc have a tiiangular group of three within sur- 
loundecl l>y ^ 2;ioiip of seven, and this two-gioup system 
lasts until theie ue fifteen magnets when it suddenly 
changes to i system of thiee gioups, one at the ceiitie sui- 
rounded lyy ^ pentagon of five which in tuin is suirounded 
by a group of nine This three-gioup arrangement lasts 
until the Jiumbci of magnets increases to twenty-se^'en 
when the foui-gioup arrangement comes in, one at the cen- 
tre surrounded by five surrounded by nine suiiounded by 
twelve 

This IS the way our little magnets aiiange themselves 
It is also the way om little corpuscles would arrange them- 
selves in the itom if these coipuscles weie at lest It is 
offeied hcie tis i clever experimental veiification of mathe- 
matical CcUculition, and seivcs to give us confidence m the 
lesultb of th(^ mathematical reasoning we aie about to con- 
sider Oui little magnets are at rest, but if they were in a 
state of sto idy motion describing in their successive rings cir- 
cular orbits about the centre of the sphere the effect of the 
motion would simply drive them farther away from the centre 
without ixx many cases destroying the character of the con- 
figuiatioii. The corpuscles of our atom we deem to be in 
such motion Mid they must revolve in then mbits eithei 
m concoiiliic imgs oi in concentnc shells Professor 
Thomson lias not yet succeeded m o\ei coming the mathe- 
matical oil flu lilt les ot then disti ibutioii in shells but ho is 
able to si low that the same kind of piopeities would be 
associated with shells as with imgs On the latter basis, 
which IS nlmost as good as the foimei, he has for a certain 
nuinbci ot them, solved the pioblein of their distribution 
The following table shows the wiy m which the corpuscles 
gioup theinsdves The numbers range downward at inter- 
vals of five 
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Number of corpuscles 

60 

55 

50 

45 

40 

35 

Number in successive 

20 

19 

18 

17 

16 

16 

rings 

16 

16 

15 

14 

13 

12 


13 

12 

11 

10 

S 

6 


8 

7 

5 

4 

3 

1 


3 

1 

1 




Number of corpuscles 

30 

25 

20 

15 

10 

5 

Number in successn e 

15 

13 

12 

10 

8 

5 

rings 

10 

9 

7 

5 

2 



5 

3 

1 





Here is, also, the entire series of arrangements for collec- 
tions of corpuscles of which the outer ring consists of twenty 
corpuscles 


Number of corpuscles 

59 

60 

61 

62 

63 

64 

65 

66 

67 

Number in successn e 

20 

20 

20 

20 

20 

20 

20 

20 

20 

rings 

16 

16 

16 

17 

17 

17 

17 

17 

17 


13 

13 

13 

13 

13 

13 

14 

14 

15 


8 

8 

9 

9 

10 

10 

10 

10 

10 


2 

3 

3 

3 

3 

4 

4 

5 

5 


Fifty-nine is the smallest number and 67 is the largest 
number of corpuscles in one collection that can have an 
outer ring of twenty 

Let us see, now, how these corpuscles, with the configura- 
tions which collections of them must take to satisfy their 
attractive and repulsive forces, wiU answer for the One 
Thing which we found so necessary in Part II, for any hope 
of explaining the mysteries of the atoms Will these col- 
lections of corpuscles make atoms with the properties pos- 
sessed by the atoms of the chemical elements f 

pbout’s hypothesis 

The mass of the atom must be the sum of the masses of 
the corpuscles it contams, so that the atomic weight is a 
measure of the number of corpuscles m the atom Thus, 
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If these collections of coipuscles constituted atoms, the 
mean of the atomic eights of the first and third would 
be approximately the atomic weight of the middle one 
Let us take xnothei example 


Number of corpuscles 

61 

41 

25 

Number m successne rings 

20 

16 

13 


16 

13 

9 


13 

9 

3 


9 

3 



3 



Mean number of the first und third 

43 



Number in the middle gioup 

41 




Again we find the same thing tiue If the three col- 
lections of corpuscles constituted thiee atoms they would 
possess simihi properties, and the mean of the atomic 
weights of the first and thud would be appioximately the 
atomic weight of the middle one The two examples cited 
are like those of sulphur, selenium and tellurium, and of 
chlorine, bromine and iodine, page 21, and the curious 
facts recited there find a simple rational explanation 

THE PFEIODIC LAW 

^'The properties of an element aie a peiiodic function 
of its atomic weight ” 

This has been the great mystery of matter If we ar- 
range the elements of matter m the order of their atomic 
weights, from lowest to highest, similar pioperties periodi- 
cally recur Foi example With the element lithium cer- 
tam properties are associated The elements immediately 
following lithium m the order of their atomic weights do 
not possess these properties They appear again, howevei, 
when we come to sodium, then disappear until potassium 
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IS leached; again disappear only to reappear with lubidiuni; 
and so on An inspection of the tables given above will 
show that aggiegations of coipuscles as the> inciease in 
number from say five to seventy; will possess pioperties 
similar to those discovered in the periodic law If; foi 
cxamplC; ceitain piopeities aie connected with x gioup of 
hve coipuscleS; these pioperties will appeal again when the 
number mcieases to fifteen; foi fifteen coipuscles consist of 
that same gioup of five with ten others suiiounding it 
The piopeities connected with these tvo gioups of five and 
fifteen coipuscles will then disappeai until wo again come 
to two gioups of five ind ten coipuscles lespectivcly; with 
still anothei img suiiounding it Inspection shows that 
this occuis when the coipuscles numbci thiity; wheie we 
hive a gioup of fixC; smiounded by a gioup of ten sui- 
loundcd by i gioup of fifteen Foi a next iccuiience of 
these pioperties wc must now writ until the coipuscles 
number foity-seveii; when wo again find the giouping five, 
tell; fifteen; this time smiounded by i gioup of seventeen coi- 
puscles The an ingement then disxppeiis to lecui again 
with sixty-seven coipusclc s m the giouping fixe ; tcii; fifteeii; 
seventeen; twenty This pciiodic lebuildmg oi lecuiicnce 
of the same gioups is the iiumbei of coipuscles mcieases 
IS wonden fully uiilogous to the pci iodic xppe ii nice and 
disappeai nice of ecitam jnopeilu's of the (huneaits as the 
atomic weight iises^ xiul if the itomic WTight is measuied 
by the numbci of coipuscles the itoin coniains^ and the 
piopeities of tin itoin lu dcpesulenl upon the uiuigc'- 
ment and gioupmg ot the coipuscles within the iloin, it is 
obvious that wc hue; to a le isonilile degica'; solved the 
pioblem of the peiioche 1 u\ Tt me uis, simpl} ; the peiiodie 
lecuiience of ceitiin gioups ol coipuscles xs thc‘ numbei 
of coipuscles constituting the xtom mcieases The peii- 
11 
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odie recurreace of properties turns out to be, in fact, a 
necessity if the atoms are built up of corpuscles 

GBOUP EELA.TIONS OF THE LAW 

The fact that atoms built up of corpuscles necessarily 
result m a penodic law has, as a further necessary conse- 
quence, the existence of natural families among the ele- 
ments If the reader will re-mspect the table of the cor- 
puscular groupmgs he will find, for example, that the 
group of 60 corpuscles consists of the same iings of 
corpuscles as the group of 40, with an additional nng 
of 20 corpuscles around it, while the group of 40 consists 
of the same rings as the gioup of 24, with an additional 
nng outside, while 24 is the group 11 with an additional 
rmg, 11 bemg the group 3 with an additional ring, thus 


Number of corpubcles 

60 

-10 

24 

11 

3 

Number of corpuscles m successi'v e 

20 

16 

13 

8 

3 

rings 

16 

13 

8 

3 



13 

8 

3 



(A family of e corpuscular 

8 

3 




groupings ) 

3 






We see, in this way, that we can divide the various 
groups of corpuscles into families such that each member 
of the family is derived from the pieceding member, (the 
member just above it m the veitical columns of the table 
of the penodic law), by addmg to it another ring of cor- 
puscles 

We should expect atoms formed m this way of i elated 
groups of corpusdes to possess resembhng properties, and 
smee m the elements themselves we find such groups, it 
would be strange if their actual existence and the necessity 
for their existence on the basis of our theory had no sig- 
nificance or relation Professor Thomson has recently 
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With the next group, 60 corpuscles, the outer ring is more 
stable because there is an additional corpuscle inside it 
While, therefore, it may lose corpuscles it will not do so so 
readily as the group of 59 Hence, it will not so easily as- 
sume the positive charge of electricity, and hence, again, it 
wiU not be so electro-positive an element as the group of 59 

61 corpuscles will be still less electro-positive than 60, and 

62 less than 61 The addition of each successive corpuscle 
inside will make it more difficult to detach corpuscles from 
the outer ring of 20 and will, therefore, make the atom less 
electro-positive Not only so, but when the total number 
of corpuscles increases to, say, 63 the possibility of losing 
corpuscles from the outer ring vanishes and, instead, another 
possibility creeps in When the stability of the atom be- 
comes extreme one or more coipuscles of the outer ring may 
actually he on the surface of the atom without breakmg the 
ring In this case the atom would receive a charge of neg- 
ative electricity and would behave like the atom of an 
electro-negative element This increase in the stability of 
the rmg, and consequently m the electro-negative character 
of its atom would go on growing until we had as many as 
67 corpuscles where the stability of the nng would be at a 
maxnnum Sixty-seven corpuscles would result m a strongly 
electro-negative element like chlorine 

A great change however m the properties of the atom 
takes place in the next group of 68 corpuscles for now the 
number of corpuscles m the outer rmg mcreases to 21, these 
21 corpuscles are however only just stable, and would like 
the outer rmg of 20 m the arrangement of 59 corpuscles, 
readily lose a corpuscle and so make the atom strongly 
electro-positive An atom of 68 corpuscles would therefore 
strongly resemble the atom of 59, one of 69 would resemble 
that of 60, 70 that of 61 and so on The properties of the 
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gioups of 59 and 67 coipuscles aie exceedingly interesting 
Wo linvc said that 59 coipuscles are on the very verge of 
mt.1-d)ih(^ uid would, hence, leadily lose a coipuscle and 
thc'Hby laiuiie i positive elnige But they would not ic- 
t Liii this (h iige Foi wlien the gioup had lost a coipuscle 
5S ( oipusdi s would leniain But 58 corpuscles constitute 
th(' list gioup winch his an outei iing of 19 This iing 
IS c'X( ('('diiigly stable just as the iiiig of 67 coipuscles is 
ht il)le so that no nioie coipuscles could escape fiom it, 
\\ hilc' the positive eh uge on it clue to the escape of the 59th 
( or pusde would atti ut the suiiounchng coipuscles ind one 
would iiiiiiK (lately diit to it and become xttachcd to it, 
w In n it would become once moie 59 only to leundergo the 
s inu' ( haiige o\ ei uid ovei uid ovci ig iin Anatom so 
constituted would be neitlui clectio-positwe iioi electio- 
iK'g; itivc but oiK iiu ijiabli' ol leciivmg uiy charge of elec- 
tiKity wlutiwd The gioup containing 60 corpuscles 
would be the most elec 1 1 o-positivc of the seiic's It could 
lose' only one coipuscle, tint is, accjuire a chaige of only 
OIK unil ol positive clectiicity, foi il it lost two we should 
ap;<uii have* 58 coipuscles which would have double the pos- 
it i\c' chaigc' 111(1 double the leulmcss to catch coipuscles 
w'luch wc ioiiiid 111 the gioup ol 59 Thus the gioup of 
()() c ()ii)iis( 1( s would gctchugc'cl with one, mil one only, 
unit ol positive I'lec tiKity It would thus be h xve like the 
atom ol i monovalent clc'ctio-posiUve elc'iucntlike sodium 
The* gioup coiitumng 61 coipusclc's would not be so leacly 
to lose' its coipuscles is the group ol 60, but on the othei 
baiiel it could .illoicl to lose two loi it is not until it has lost 
thxcH' that its coipuscles become i educed to 58 when, aswc 
have si'C'ii, iL bc'gins to accpiiie ficsh coipuscles It would 
thus <i(t hkc' the divalc'iit positive element magnesium 
Siniilaily the gioup ol 02 though less willing to lose itscoi- 
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puscles than 61 could on the other hand afford to lose three 
before beginning to seize more It would thus act like, let 
us say, the element aluminum 

Turnmg now to the other inteiesting group, 67 corpuscles, 
at the end of the series, we find that its ring of 20 corpuscles 
is more stable than any of the others, but if the system 
acquires another corpuscle the 68 corpuscles would ariange 
themselves with a ring of 21 on the outside This group- 
mg as we have seen is on the very verge of instability and 
would readily lose its corpuscle and pass back again into 
its old configuration Consequently, the group of 67 cor- 
puscles like the group of 59 is mcapable of receiving a charge 
at all The group of 66 would be the most electro-negative 
of the senes but it could affoid to letain only one unit of 
negative electricity for if it acquired two there would be 68 
a system which we have seen to be unstable It would 
thus act like a very strongly electro-negative element like 
chlorine 

The group of 65 though less ready than 66 to retain 
corpuscles could, nevertheless, retain two and hence would 
act like a divalent negative element like sulphur Similarly 
the group of 64 would act like the atom of a trivalent 
element after the style of phosphorus 

Thus taking those groups of corpuscles which contam 20 
corpuscles in their outer nngs and numbering from 59 to 
67 respectively we are able to show that they would neces- 
sarily behave m their general properties like a horizontal 
series of elements in the penodic law 


VALENCY 

We are now able, to a reasonable extent, to explain 
ency, page 37 Valency we have always defined m chemistry 
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ab the saturation capacity of an atom, the powei possessed 
by an atom to unite with otheis, in othei words, its 
“grabbing powei ” We hive never known the meaning of 
it We can see now that it is electric il in its origin A 
univalent positive atom is one which, under the circum- 
stances of chemical action, attaiiib stability by losing one, 
and only one, coipuscle A univalent negative atom, like 
chlorine, is one tint wull acquue one, and only one, corpus- 
cle A divilcnt positive atom is one which will lose two 
coipuscles and no moie, and so on The valency of the 
atom IS thus simply a question of the numbci of coipuscles 
tint can escape fiom oi be icccived by the coipusculai 
giouping which constitutes any one kind of atom Thus 
the valency as well as the othei piopcitics of elements such 
as neon, sodium, m igiic smiii, iluniinum, silicon, phosphorus 
sulphui, chloiino iiid iigon of the 2(1 senes of the peii- 
odic law lie the piopeities ind \ ilencies of groups of 59, 
60, 61, 62, 63, 64, 65, 66 ind 67, coipuscles respectn ely 

CHEMIC VL ACTION 

Chemicil action can also be explained as electiical and 
coipusculii in its nituie Suppose that we have i num- 
ber of sodium atoms which aie capable of losing one coi- 
pusclo eich mixed with the same numbei of chloime atoms 
which aic cipilile, on this thcoiy, of icciuiiiiig one coi])us- 
clc each Then the coipusclch which esc ipe fiom the sodium 
atoms will find i home on the diloiine atoms which aic well 
able to letaiii them 

The lesult ol this is tint ill the sodium atoms will ac- 
quiic thou unit positive chaige ind all the chloiine atoms 
then unit negative chiige The positive atoms of sodium 
will then attiact the lugitiac atoms of chloime, electiically, 
ind we shall obtain the compound sodium chloiide oi com- 
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mon salt Othei chemical reactions can be explained in 
the same way Chemical affinity is electrical affinity 

THE INERT ELEMENTS OF THE ZERO GROUP 

The raie gases of the atmosphere, such as helium, neon 
and argon, 'which were a few years ago discovered by the 
masterly researches of Rayleigh, Ramsay and Travers, and 
which are now associated together in the zeio gioup of 
tSe periodic law, bear out in a most interesting and re- 
markable way the coipuscular theory we aie considering 
These gases are alike in this, that they have no combining 
powei, or valency, wdiatever They combine chemically with 
no known element In oui study of coipusculai groupings 
we found that a group of 59 corpuscles and a group of 67 
coipuscles were in precisely this position that they were 
hopelessly unable to letain any electiical charge whatever, 
that IS, unable, permanently, eithei to lose or to acquire a 
corpuscle If, as we have said, chemical action means 
simply the power either to lose oi to acquire corpuscles, it 
is obvious that atoms built up of such coipuscular groups 
would be quite unable to enter into chemical combination 
Thej would, theiefore, be like helimn and neon Not only 
so, but these groups occur at the proper intervals They 
occur with seven groups m between, just as helium and 
neon occur with seven atoms in between 
It IS very evident then that if, as we said in Part II, the 
raie gases of the atmosphere have found a home in the 
periodic law, they have also found a home in the corpus- 
cular theory which explams that law 

RADIO-ACTIVITY AND THE EXISTENCE OF UNSTABLE ATOMS 

But the corpuscular theory of the atom must explain 
the transmutation of mattei as it is seen to take place in 
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the ladio-aetive clemerLt& It must also explain radio-activ- 
ity in gonei il Any fnlmg in thisiespect would he fatal to 
its leceptance It was stitod, page 152, that an atom of one 
ot the ladio- active elements should consist not only of coi- 
puscles but of systems ot coipuscles This finds its expla- 
nation in the systems of imgs into which we have shown the 
coipiiscles would nccossaiily aiiange themsehes In addi- 
tion to this, howevei, Piofessor Thomson has pioaed that 
these lings of coipuscles need not be concentiic A tii- 
angulai iing of thice coipuscles, foi example, may exist 
inywhcie in the atomic spheic sui rounded by positive elec- 
tiicity, and yet ictain its integiity and act like one coipus- 
cle We see that the evident complexity of an atom of 
ladium need not woiiy the tlieoiy, foi the vastnumbei of coi- 
pusch s it would contun, about 225,000 on the basis of its 
atomic weight, would of couise be exceedingly complex 
The explanation of fi insmutation and ladio-activity, how- 
ever, lies 111 the eneigy of the coipuscles, and in the fact 
that the configui ations adopted by the corpuscles depend in 
CGI tain c ises on the eneigy they contain This is shown in 
the aiiangements ulopted by the little magnets, Fig 44, 
wlieio we find that fiae coipuscles niiy aiiange themselves 
cither m a pentagon oi in a scpiaie with one coipuscle in 
the centie Piofc'ssoi Thomson has denionstiatcd naathe- 
matically thata gioup of torn coipuscles, foi example, lotat- 
ing with an angulai velocity gieatci than a ceitain critical 
V due will aiiange themsedves at the coineis of a squaie, but 
that if the velocity f ills below this value they avill suddenly 
aiiange themselves this tune at the corneas of a tetrahe- 
dioii Let us suppose now that we have an atom contain- 
mg a system of corpuscles of this kind Suppose that the 
coipuscles aie lotating with an ingular velocity fai beyond 
the critical velocity The configui ation is stable enough 
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But owing to the radiation cf eneigy, the velocity is going 
to dimmish, slowly, \eiy slowly, but certainly Theio will 
come a time, then, and a definite time, when this ciitical 
\clocity will be reached and then, presto l theie v ill be sud- 
den convulsion, or explosion, and the rearrangement is ac- 
complished 

The potential energy is decreased, the kinetic energy is 
mcreased 

This arrangement must mean the evolution of a large 
amount of kmetic energy, and it has been shown that it 
might easily be sufficient to carry the system out of the 
atom altogether and we should have, as in the case of ra- 
dium, a part of the atom shot otf with high velocity 
It IS very like the case of a spmning top The top is 
stable in a vertical position if the kinetic energy due to its 
rotation exceeds a certain value When, however, the veloc- 
ity diminishes to this critical point, the crash comes and 
away goes the top, helter-skeltei 
This all agrees with the facts of radio-activity The 
radio-activity of radium, for example, is thus an atomic 
cataclysm When the pomt of mstabihty is reached the 
explosion occurs with the projection of two kinds of pai tides 
which are sub-atoms mside the group but free atoms outside 
One of these is the alpha particle consisting of two oi 
three thousand corpuscles and the other is the atom of the 
emanation which contams probably about 150,000 The 
atom of the emanation is of the same type as the atom of 
radium Its configuration for steady motion depends on 
1 s kmetic energy Consequently the process is repeated 
tor the emanation, but in a very much shorter time, and we 
agam have the evolution of alpha particles, which seems as 
a matter of fact to be the atom of hehum, together with 
e formation of another atomic system called emanation X 
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Interatomic Energy 

March, 1903, was an historic date for chemistry It is, 
also, as we shall show, a date to which, in aU probability, 
the men of the future will often refer as the veritable be- 
ginnmg of the larger powers and energies that they will 
control It was in March, 1903, that Curie and Laborde 
announced the heat-emitting power of radium The fact 
was simple of demonstration and unquestionable They 
discovered that a radium compound continuously emits 
heat without combustion or change in its molecular struc- 
ture The heat emitted is sufficient to maintam the tem- 
perature of the radium 1 5 degrees Centigrade, or about 
2 7 degrees Fahrenheit, above that of its surroundings 
It IS all just as surprismg as though Curie had discovered 
a red-hot stove which required no fuel to maintam it in 
heat Stated m another way, one gram of radium com- 
pound emits 100 gram-ealories of heat per hour This 
means that every hour it emits enough heat to raise its own 
weight of water from the freezmg-pomt to the boilmg- 
point 

It IS enough to raise its own weight of water one degree 
in 36 seconds In about 40 hours sufficient heat has been 
evolved from the gram of radium to decompose its own 
weight of water completely mto its constituents, hydrogen 
and oxygen After the lapse of 10,000 hours (13 5 months) 
there has been enough heat emitted to raise the temper- 
ature of a million times its weight of water one degree 
(172) 
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It lb nocofesiiy to anal 3 ^/G out this lemarkable fact We 
know that the i idio-activity ot a mass of ladiiini compound 
IS complcY and consists of the united activities of the ra- 
dium itself ind its disintegi ition pioducts^ the emanation, 
thc' cmxnation X and the two oi three icti\e bodies into 
wliK^h the cm Illation X successnely breaks clovn It has 
been doternimed that the heat emission is due ilmost eii- 
tiiely to the alpha-iays, the positively electnfiecl particles 
of ntoniic dimensions In a miss of radium nearly all the 
<ilplia-iays emitted from it are absorbed in the ladium it- 
self The ladium is thus subjected to an intense bombaid- 
inc^nt by the alpha particles projected from its own mass 
It IS little wondei, unclei the circumstances, that the la- 
dium IS heited The energy of the alpha particles is im- 
mense Those particles, small as they are, are 2,000 times 
the miss oi a coipuscle and travel with a velocity 40,000 
tiiiK's that of the swiftest iifle bullet If an alpha pai- 
ticle WHO the size of a cannon bill the heat geneiated by 
its impact on the target would be many times moie than 
feuflicunt not only to molt it but to dissipate it into vapoui 
But the alpha pai tides aie pi ejected not only from iidium 
ilscdf but iioin all its disintegration products, and we dis- 
covot th it the heat emission is distributed thus 

J\ idium flood from active products 25 per-cent 
hhn Illation and successive active pi oducts 75 
Seventy-five calorics, then, of the heat emitted fiom a giam 
of 1 idium no duo to the omanition stoied theieiii But 
tlu" volume' of tlio emanation is mhmtesimilly small Tiom 
OIK' gi im of ladiuin compound the volume of the emana- 
tion ('volvc'd would not amount to moie than 1 3 of a cubic 
millimetie This needle point of gas evolves enough heat 
per hour to raise the temperature of 75 grams of water one 
degree If it were possible to obtain one cubic centimetre 
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(a thimbleful) of this emanation in the form of a gas we 
should find that it possessed the power ot emitting, alto- 
gether, over seven million calories of heat ' This is nioio 
than sufficient to raise 15,000 pounds of watei one (h'gu'O, 
and all this heat from a thimbleful of an invisibk' gas ! 
The important phase of this statement is that it is alto- 
gether outside of any hypothesis or theoiy It is a simpk' 
straightforward fact Now, the heat evolved by explod- 
ing the same volume of hydrogen and oxygen mixed in tlu 
proportions required to form water is about two ealoru's 
We find then that the heat evolved hy the radium emanation 
IS over three million five hundred thousand times greater than 
that let loose hy any known chemical reaction This seems to 
be an unanswerable reply to those who would ascribe the 
energy of radio-activity to ordmary chemical action or, on 
the other hand, to those who would ascribe it, instead, to 
an external source which, hypothetically, the radium atom 
alone has the power to respond to With thi* passing 
away of these interpretations we are locked up with the 
only other conclusion possible, — that the radio-activity is 
due to an enormous store of energy within the radium atom 
itself The energy of radio-activitv is interatomic 
The amount of heat geneiated by radium gives us some 
additional general information In any mass of ladium 
not all its atoms are dismtegiatmg at the same time In 
the foregoing chapter we weie led to understand that they 
would go to pieces only as they became unstable, and that 
this instability was a mere chance for an individual atom, 
though a constant for the average one It is interesting 
to know how many atoms of radium disintegrate per 
second If we ascribe the heat emission to the alpha par- 
ticles we are let mto the secret In the case of radium 
there are at least four stages in the dismtegration, each 
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IS 100,000 tunes less than it, theoretically, should be 
The source of radium is, therefore, still an open question, 
though we may be fairly sure that its generation is con- 
stant from some source or other, and that its decay will be 
balanced by a constant fresh supply 

The amount of energy locked up m a gram of innocent 
lookmg radium bromide and appearmg as heat on the dis- 
mtegration of the whole gram, calculates out to about one 
billion calones, — ^a prodigious quantity of energy This 
energy is not the total amount contained in the radium 
It IS only that portion which becomes manifest on the de- 
composition of the radium into its dismtegration products 
If the gram of radium could be wholly dissociated into 
corpuscles, the energy let loose would greatly exceed the 
above amount 

But radio-active substances m their normal character as 
chemical elements are m no way different from the inactive 
elements Eadium is like barium and strontium, uranium 
IS like tungsten and molybdenum, polonium is like bismuth, 
and thonum is like titanium If it were not for their 
bizarre property ot radio-activity they would be in no 
sense remarkable Hence, it is impossible for us to come 
to any other conclusion than that theie is locked up in 
all the so-called “elements” of matter an enormous 
store of energy which, except m those elements of heaviest 
atomic weight like radium and thorium, remains latent and 
unknown Professor Thomson as the result of his calcula- 
tions, concludes that a gram of hydrogen has within it 
energy sufficient to lift a million tons through a height con- 
siderably exceedmg one hundred yards, and tliat since tlie 
amount of energy is proportional to the number of corpus- 
cles comprising tiae atom of the element, the energy of the 
other elements such as sulphur, iron, or lead must enor- 
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mously exceed this amount We have already shown that 
Piofessor Thomson’s calculations have a habit of squarmg 
with fact The eneigy whence we obtain our manufactur- 
ing power whether deiived from burning coal or gas or any 
other chemical leaction depends upon the action of one sys- 
tem of atoms upon another It is absolutely insignificant 
compaicd with the limitless energy locked up within the 
atoms themselves We know that this energy exists, but, 
to-diy, we have no control over it We can neither set it 
loose nor tie it up in any way whatever We can only 
observe it But it would be rash indeed to predict that our 
impotence will last forever Strange things happen nowa- 
days and yet strangei things may, nay will, be seen by 
futuio men We have no real waiianty that this infinity 
ot energy will bo tapped by man, except this That what 
man earnestly longs toi he will obtain If he knows that 
every breath ol air ho draws has contained wnthin itself 
liowei enough to diive the workshops of the world he will 
find out some day, some how, some way of tapping that 
energy In looking foi phusible methods of attackmg 
the problem we find at least a hint X-rays passing 
thioiigh a substance cause it to emit X-rays These 
induced X-iays aic called secondaiy lays oi the S-iays of 
Sagnac They are emitted from solids, liquids and gases 
whenever X-iays fall upon them, and they differ in charac- 
ter from the primary rays that produce them They are 
not pure X-rays foi they consist of corpuscles as well, and 
since some of the radiation is exceedingly easily absorbed, 
it IS likely th it alpha particles are present also If this is 
the case it is difficult to see why we should not call a body 
1} ing undei the impact of X-rays, radio-active , and if the 
body becomes radio-active in this way, it is a moot point, 
intlccd, as to whether the cnergj of the radiating substance 
12 
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IS not greater than the energy of the X-rays falling upon 
it — ^the excess of energy being derived from re-airange- 
ments taking place in the atoms of the body exposed to the 
primary X-ray bombardment It is conceivable that some 
such method of attack might lead to a way of doing by ex- 
ternal agency what radio-active bodies can do spontaneously, 
1 e , liberate the energy locked up in the atom It has 
been plajduUy suggested by Professor Rutherford that some 
day it might be possible to construct a detonator which 
would send a wave of atomic disintegration through the 
earth and decompose the whole round world into helium, 
argon, and other gases, leaving literally not one stone upon 
another Without being fnghtened by any such humorous 
suggestion as this, we can easily grant that with the con- 
tmuous acceleration of scientific research where one year 
of the present counts for a cycle of former time, there will 
come a day m the unending succession of days when men 
will look with mingled horror and amusement at the burn- 
mg of coal and wood, and will date the coming in of their 
kingdom to the time when Curie and Laborde demonstrated 
the existence and extent of mteratomic energy 
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The Electeical Natueb of Mattee 

It often happens that in inverting a problem the truth 
diops out Copernicus, instead of assuming that the sun 
moved around the world, succeeded better by assummg that 
the world moved around the sun Kant, also, instead of 
assuming that knowledge must conform to objects, inverted 
the idea by assuming that objects must conform to our 
knowledge In a similar fashion it is now proposed to in- 
vert the conception of matter and electricity that we have 
so fai gained Instead of assummg that corpuscles are 
particles of matter possessing the properties of negative 
electricity, we shill assume, instead, that corpuscles are par- 
ticles of negative electiicity possessing the properties of 
mattei It will bo seen that this new way of looking at 
things will lead to new knowledge It is proposed in this 
chiptei to show by arguments idduced from facts that Mat- 
ter ^s made up of Electricity and nothing hut Electricity We 
can best develop the thesis by comparing matter and elec- 
tiicity in the possession of one common property The one 
sole unalterable property of matter is inertia It requires 
an effort to put mattei into motion when the matter is al- 
icady at rest, and it requires an effort to stop matter after 
it has once been set in motion Inertia is simply the Latin 
word toi liziness, but the “laziness” of matter is excep- 
tional iiid peculiar Mattel hesitates as much to stop 
when once in motion as to start when once at rest 

Matter hesitates to start Water will reflect a cannon 

( 179 ) 
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ball or flatten a buUet A dynamite charge exploded upon 
a stone will shatter the stone before the air has time to 
move away Matter also hesitates to stop It tends to 
overshoot the mark A bullet will fly many a yard after 
it has left the gun In the gun it was urged by force, but 
after it has left the gun it not only continues on its way 
without force but agamst force, the force of friction, until 
eventually it IS overcome It is sometimes asked “Is per- 
petual motion possible"**” It is not only possible but neces- 
sary if there is no interfering or opposing force The inert- 
ness, or inertia, of matter is defined in the First Law of Mo- 
tion “ A body at rest remams at rest and a body m motion 
continues to move with a constant speed in a straight line, 
unless acted upon by some external unbalanced force ” 
We may illustrate this law by the case of a body which is 
in motion under a pair of balanced forces Thus, a steam- 
ship under the application of force does not instantaneously 
assume its full velocity, it gathers way 
After it attains a constant speed it is under the applica- 
tion of no resultant force whatever, the force developed by 
the engines simply overcoming the contrary force of the re- 
sistance of the water It is thus obeying the first law of 
motion On the cessation of the force from the engines, the 
hitherto balanced force of friction begins to be effectual 
and the ship stops, not at once but gradually Now 
this property of mertia which causes the steamship to act 
in this way belongs, also, to electricity The mertia of elec- 
tricity IS called self-induchon When a currant of electiicity 
IS suddenly started m a wire it does not rise to its full 
strength instantaneously Just like the steamship it re- 
quires a certain time to gather way and to rise to its full 
strength Agam, when the current is suddenly broken, it 
does not stop instantaneously but tends to persist This tend- 
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ency to pei sist is interesting This sudden bieakmg of a cur- 
rent gives use to an electrical push, or electro-motive force, 
far greitei than that which maintamed the current The 
instant the ciicuit is broken there is a sudden lurch forward 
of the curient which enables it to spiing acio«s the bieak 
and which gives use to the spark seen at that point The 
moie sudden the bicak the nioie violent is the spaik This 
IS veiy like the blow which a high-pressure seivice water- 
tap expel lonees when the flow of watei is suddenly airested 
by tuiniiig the tip The jar of the water momentum will 
sometimes buist the pipe The delay of the current on 
miking the ciicuit, and its tendency to peisist after break- 
ing it, pi events any veiy sudden change in the strength of a 
cuiient It IS this that hindeis telephonic communication 
till ough veiy long wires and lendeis ocean cable telegiaphy 
a compaiatively slow opciation In the past, this iefu«al of 
an electnc cm lent to undeigo any very sudden change has 
been called the phenomenon of self-induction or, sometimes, 
qua\%-det. tr ical-inerlia Wo pioposc, now , to eliminate both 
the qiiusi and elcctnccil ind to develop the idea that this un- 
willingness of in electnc il cuirent to start or stop is the 
unwillingness ot inittcr to stait oi stop That, in each case, 
the phenomenon is due to simple inertia, and that that m- 
ertii IS puiely electnc il in its natuie 

The idea tint ineitii is electnc il in its oiigin fiist took 
form in a p ipei by I J Thomson, which appealed in the 
Philosophic il Migizinc foi 1881, and which his since be- 
come chssicil This pipci dealt with the piopeities of a 
moving chargc'd sphcie, and in it Professor Thomson showed 
that an clectncal charge, concentiated on such a moving 
sphere, must possess incitii due to the electro-magnetic 
field of force which it ere ites by its motion in the surround- 
ing cthci In othei words, it will tend to resist change of 
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motion, which we imderstand to be inertia, and will thus 
behave as though its mass were increased In order that 
this inertia, or increase of mass, should become perceptible, 
it IS necessary that the sphere should be very small and 
that its speed should approach that of light We can best 
illustiate this by appendmg certain calculations subse- 
quently made by Sii Ohvei Lodge, showing the extent to 
which the apparent mass would increase as the speed of 
light IS approached B 1 equals the mass measured by 
the mertia of the sphere under slow motions, at half the 
speed of light the mass becomes 1 12, at three-quaiters, 
1 37 , at nme-tenths, 1 8 , when the speed is 99 per cent 
of that of light the mass is 3 28 , at 99 5 pei cent , 5 , 
while between this last value ana that of light the mass 
mcreases to mfinity It is plain, then, that no substance 
can move faster than light, and it is inteiesting to note 
how very near the speed of light must be approached be- 
fore the mass becomes mcreased to an enoimous extent 
Now, this paper of Thomson’s, at the time of its publica- 
tion, excited but little comment because of the fact that 
at that time no bodies were known which weie sufficiently 
small and sufficiently swift m their velocity to make this 
mcrease in mass experimentally demonstrable The papei 
belonged to mathematical academics It was not practi- 
cally important With the commg, howevei, of corpuscles, 
the paper assumed a very different aspect We have m 
corpuscles particles very much smaller and very much 
lighter than the smallest and lightest atom, and, more- 
over, we have shown that in the case of radium these 
particles are shot off with velocities approaching that of 
light We have, then, in the coipuscle a means of verify- 
ing this mathematics and of determining, as a matter of 
material fact, whether or not the mass measured by the 
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Aertia of a body incieases with its velocity This mvesti- 
lation has been cained out by Kaufmann with the most 
atcresting results These results are shown in the follow- 
ng table The fiist column expresses the relative veloci- 
ies of the particle, and the second column the value of the 
1 action ejm, where e is the charge on the particle and m 
s its mass 


Value of V 

Value of e/m 

2 83 

62 

2 72 

77 

2 59 

975 

2 48 

1 17 

2 36 

131 


We sec by this table, reading from bottom to top, that 
the value of e/m diminishes as the velocity increases We 
learned m Put III, page 65, that the value of e remains 
constant Hence this table indicates that tie mass in- 
creases with the velocity Kaufmann’s work, therefore, 
clenionstiates, expciimentally, the tiuth of Thomson’s 
xnathoinatics Not only so but it affords Professoi Thom- 
son the opportunity of still further extending the scope of 
lub mathemitical conclusions In a word, Thomson cal- 
culates the ratio of the masses of the lapidly moving 
coipuscles given out by radium to the mass of the same 
iiarticles when at rest, on the assumption that the whole of 
the mass is due to the electrical charge upon it, and he com- 
paies these results with the values as deteimined by Kauf- 
mann’s experiments The comparison is shown in the 
following table, where the fiist column contains the ve- 
locities IS determined by Kaufmann, the second column 
the mathematical deteimination of the numbei of times 
the mass of a particle moving with the given velocity ex- 
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ceeds the mass of the particle when at rest, and the third 
column the same values as found by Kaufmann experi- 
mentally 


Number of times the 
mass of the particle 
with the given ve- 
locity exceeds its 
mass at rest 


ditto 


Velocity of the 
particles 
2 85 
2 72 
2 59 
248 
236 


Mathematically 
determined 
3 1 
242 
20 
166 
15 


Found by experi- 
ment 
3 09 
243 
204 
183 
165 


We see from these results that the calculated and the 
experimental results practically agree, and we are, there- 
fore, entitled to believe, if we like, that the whole mass of 
the corpuscle arises from its electrical charge But the 
corpuscle we deem to be the constituent of an atom, the 
atom the constituent of a molecule, and a molecule 
the constituent of a mass of matter, such as a table or a 
chair Hence, on this view, the mertia of any material 
body, and the mass of it as measured by the mertia, is 
due simply to electrical charges in motion On this view, 
then, the to-and-fro motion of a pendulum and the electrical 
oscillations of the spark from a Leyden jar, are sunply two 
manifestations of an identical thmg, the mertia of a 
charged body 

But what do we mean by saymg that the mass of a 
body depends simply on an electric charge? By mass is 
meant quantity of matter, and the idea that the quantity 
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of mattei in a body depcndb on the speed with which an 
electric chaige moveS; is difficult to grasp concietely, for 
we aie accustomed to think that the quantity of any given 
object IS invinable We may, however, obtain a concrete 
lepiesentition of the idea by considering the analogical 
case of a spheie moving through a fiictionless liquid In 
such a cpse, when the sphere moves, it sets the liquid 
aiound it moving with a velocity propoitioned to its own, 
so that the spheie is accompanied by a definite volume of 
the liquid This volume is one-half the volume of the 
spheie and the sphere, therefore, behaves as though its 
mass were increased by that amount In the case of a 
cylmdei moving at light angles to its length, the mass of 
the cylinder is inci eased by the mass of an equal volume 
of the liquid Now the cylmdei in our case is the electric 
chaige md the fiictionless liquid is the ethei The electric 
charge possesses no mass at all, md the total mass, there- 
foio, IS due to the bound ether cairied along by the charge 
in its motion, the total amount of the bound ethei de- 
pending on the velocity ot the chaige On this view of 
''the electioiomc theoiy of mittei,'' all mass is the mass 
of the ethei, all momentum, whethei electneal or mechani- 
cal, the momentuni of the ethei, and all kinetic energy 
the kinetic eneigy of the ethei 
The electro tonic theoi}^ of mattei may be used, as wcl , 
to acpount foi ceitxm pi opei tics of electricity Corpuscles, 
used 111 this connection, aie geneially given another name, 
they mo called electm^ Since wo havo used the word 
coipusclch thioughout we shill continue to use it in this 
connection, lemembeimg, howevei, that the tvo words, 
corpuscle and election, stand foi the same thing precisely 
An electiic current, foi example, is easily explained on the 
corpuscular theory Electricity may be conducted through 
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gases, liquids and solids In gases the electricity is con- 
veyed by free corpuscles, flying bullet-like, and with veloci- 
ties amounting, sometimes, to a hundred thousand miles a 
second In liquids the velocity is more neaily an inch an 
hour In liquids, the corpuscles travel with the atoms, and 
for this reason tiavel slowly Liquid conduction is what 
Sir Oliver Lodge calls “ the bird-seed method of conduction , ” 
for the corpuscle travels through the liquid from one elec- 
trode to the other much as a bird carries a seed It moves 
slowly because it must jostle its way through the throng 
of other atoms, and also because of the load of the heavy 
atom it conveys In the case of solids, or metallic con- 
duction, the atoms are fixed m their places relatively to 
one another Their only power is that of vibration The 
corpuscles, therefore, can go from one end of the wire to 
the other, onlj by being handed on Each atom m the 
strmg along the wire receives one and passes it, or another 
like it, on to the next, so that for every corpuscle that 
starts at one end of the wire, another like it passes out at 
the other end 

Magnetism, on the basis of the electiotonic theory, is a 
force developed at right angles to the moving charge 
This magnetism may be seen in the fiee corpuscles flying 
through a Ciookes’ tube where they may be bent up and 
down by a magnet, in the beta-rays from ladium where 
they also fly free, or m the magnetism developed in a wire 
when coipuscles aie bemg handed on through it and con- 
stituting what we call a current Light, Rontgen rays 
and all other radiations result, and must result, from dis- 
turbances in the surrounding ether whenever the velocity 
of the electric charge is acceleiated, diminished, stopped 
or changed in direction 

The electrotonic theory teaches us 
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I That nes^xtivc clcctiicity is made up of unit charges 
exiled coipuscles 

J That static electricity is due to the action of these cor- 
puscles it lest 

i That cunent elcctiicity is due to nothing but these coi- 
puscles in motion, whethei through gases, liquids or 
solids 

1 Tint mignetisni is a foice developed in the ether as 
light angles to the dnection of motion of the coi- 
puscles 

5 That light ind othoi radiations aie due to disturbances 
111 the suiioundmg ether caused by a change in the mo- 
tions of the corpuscles 

G That the self-mduction of an electiic current and the 
mechanical inertii of matter are identical, and that 
they arc due to the electric charge, or corpuscle, in 
motion 

7 That mass, oi quantity of mattei, is simply the ether 
c lined along by the coipuscle m its motion, that it is 
by no means i constant quantity but depends upon 
the vc'locity of motion of the coipuscle 
S Tint the itoms ot mattei, themselves, are made up of the 
sime negitivo chaiges oi corpuscles, eich aggregation 
ol coipuscles being sun ounded by a spheie of positive 
elect lie ity 

9 That, c onseciuently, mattei, in its last analvsis, is iden- 
tical with elc'ctncity 

Wo SCO, then, that the elcctiotomc theor-v accounts for 
static electiicitv, current electricity, magnetism, the radi- 
ations of light, X-iays, etc , inertia, chemical action, the 
atoms of inittei and their pecuhai properties as exem- 
plified in the periodic law, and the phenomena of radio- 
activity 
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We must now ask ourselves the questions 1 Is it proved? 
2 Are there any phenomena that the theory will not ac- 
count for? 

With regard to the first question, we may say at once, 
the theory is not proved It is an hypothesis which ac- 
counts in a beautiful way for the phenomena enumerated 
above It finds its chief acceptance, outside of this, in the 
fact determmed by Thomson that the whole mass of mat- 
ter may be accounted for on the supposition that it is elec- 
trical in origin But between the fact that it, and all these 
other matters, may be accounted for, and the fact that there 
is nothing else m heaven and earth that will account for it 
instead, there is a great gulf fixed The acceptibility of 
the hypothesis depends on the extent of its exclusive power 
to account for things, the more excluswe it becomes the 
more we shall believe it In the meantime, while it is cer- 
tamly extraordmary m its power to explam, the answer to 
our second question bids us be cautious There are phe- 
nomena which the theory does not yet explain Tor ex- 
ample what IS positive electricity, as distinguished from 
negative which consists of these corpuscles? The answer is, 
we do not know We conceive of an atom as an aggrega- 
tion of negative corpuscles ai ranged in a certain number in 
a certain way, and surrounded by a sphei e of positive elec- 
tricity w'hich balances the negative electricity of the cor- 
puscles within it AVe can account for positive electrifica- 
tion as distmct from positive electricity on the supposition 
that a positively electrified body is one which has lost some of 
its corpuscles while a negatively electrified body is one which 
has gamed corpuscles But this does not tell us what posi- 
tive electricity actually is If it is made up of particles, these 
particles must either have no mass at all, or very little, for the 
mass of the whole atom seems to be simply the sum of the 
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masses of its negative coipusclcs Positi\e electricity as 
apait fioni an item does not seem to exist It never seems 
to fly flee as the coipuscle does Its mtuie is, to-day, 
<i inystciy 

What IS giavitation? Again, the ansvei is not foith- 
coiniiif^ The toice of gi ivitation is minute and it is only 
appaieiit to us bociuse ot the nearness to us of the o\ei- 
whelining miss ol tin caith Still it ought to be capable 
ot explanation iiid the explanation has not yet aimed 

Still, again, what iie Lite and Mind? Theie is nothing in 
the foiogoing pages to gue us even the glimpse of an idea 
of the physical basis of Lih It is unreason ible, hovevei, 
to expect too much foi i theoiv still m its infiney, and ve 
can afloid to niaivel at the inystenes which it does explain, 
»uid to give it on this iniounta laige measuio of accept- 
ance 

It ought to be pointed out at the end of this chapter 
that the theoiy of atomic disintegiation is quite independent 
of the ekctiotonic theoiy we have been considering 
Atomic disintegiation postulales nothing beyond the con- 
ception, familial to chemists foi the last hunched years, that 
<xtoin& exist Once giant the existence of the chemist’s 
.itoin and the disintegration of the atom nccessaiily follows 
Neitliei has it any neccssiry connection with the facts of 
1 adio-ac tivity, the transmutation of the elements, oi the 
vast stoies of intei -elemental eneigy 
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CHAPTER I 
Celestial Dissociation 

The pioducts of the dissociation of the heavy atoms such 
as ladium and uianium lender the air a conductor of elec- 
tiicity and this conductivity, and hence the dissociation 
which causes the conductivity, is measurable by the elee- 
tioscope The electioscope is hundieds of thousands of 
tunes more sensitive than the most refined type of spec- 
tioscope m existence This, howevei, should not detract 
lioni the admiration which is due to the spectroscope In 
the same measure that the electroscope exceeds m sensi- 
tiveness the spectroscope so does the spectroscope exceed 
any othei known mstiument foi the detection and mensu- 
ration of minute quantities of mattei Besides, the elec- 
tioscope IS exceedingly limited in its application while the 
lange of the spectroscope is as wide as theuniveise Tint 
the spoctiosoope will detect the millionth of i milhgiam of 
mattei, and on tint iccount his discoveied new elements, 
commands coui admiiation, but when wc find, in idditioii, 
that it will clc'tect the nituic of fonns of mattei billions of 
miles away and, iiioitovci, thxt it will measuie the velocities 
with which these fonns of mattei aie moving, with an ab- 
surdly small per cent of jiossible ciioi, we can easily ac- 
quiesce in the statement that it is the greatest instrument 
13 ( 193 ) 
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ever devised by the brain and hand of man, and that if 
we are to win additional knowledge of elemental dissocia- 
tion as it exists m the sun and stars, the spectroscope is 
our one sole means to that end 
On a priori grounds we should rather expect to find this 
dissociation For the elements which dissociate on earth, 
thorium for example, aie in their normal chemistry, in no 
wise remarkable or particulaily distinguished from other 
elements The other elements, therefore, ought to dis- 
sociate under favorable conditions Now, it is in the sun 
and stars that we shall find these favorable conditions if 
anywheie, for they constitute furnaces with temperatures 
enormously high and transcendental so far as man may 
hope to attain The spectroscope with which we shall 
search for this celestial dissociation is, m its essentials, sim- 
ple in the extreme The fundamental part of the instru- 
ment IS a pi ism of glass or a grating The light from the 
body under exammation is passed through a fine slit and 
hence through the prism The prism sifts out the light so 
that the longest or “ led ” waves go to one side and the 
shortest or “violet” waves to the other Each kind of 
light thus yields its own mdividual image of the slit m the 
form of a fine line All incandescent solids, hqmds, and 
some dense gases on becoming incandescent give out white 
light consisting of waves of every conceivable length and 
hence instead of separate little line-like images there results 
an mfinity of images all blended together into a broad band 
ranging by imperceptible gradations through red, orange, yel- 
low, green, blue and violet Such a band of color is called 
a continuous spectrum Fig 45 If, now, we pass fiom 
incandescent solids and liquids to substances which easily 
volatilize, the light from then flames presents a very dil- 
ferent appearance We find, m fact, that it consists of a 



CELESTIAL BISbOCI \,riON 


195 


copious emission of light of a few wave-lengths only, the 
others being missing The lesult of this is that instead of 



Fip; 45 A continuous and a dibcontmuous spectrum 

a bioacl band of colour, we see a seiies of lines of definite 
coloui and sepxixtcd by definite spaces Such a senes of 
definite lines is cilled a chscontimioiis or hue spectrum No 
two elements emit the same light, and hence no two ele- 
ments yield the same line spectium It is theiefoie possible 
to lecogmse each clement by the spectium of its lines when 
sifted out by the pi ism and this process is called spectrum 
analysis It makes no mannei oi difference whether the 
element exists on the eiith, m the sun or in the farthest 
^^fixecN^ star Its exxstence iniy be lecognised beyond dis- 
pute wheievei light shines fiom it to us Fig 46 In the 



A 


B 

Fig 46 Partb of the specti i of (V) l)anum and (B) iron (from a 

photogiapli) 
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case of some elements, the lines of the spectrum, instead j 

of being irregularly distributed, are arranged rythmically . 

so that m appearance they strongly resemble a Corinthian ! 

column seen under a strong side light Such line spectra { 

are called fluted spectra The spectrum of carbon is a ' 

beautiful and typical example of fluted spectra Fig 47 



Fig 47 Fluting of carbon i 

In the case of certain elements^ again, the lines arrange 
themselves in accordance with a beautiful law in such a 
fashion that they constitute a sequence numerically related 
to one another Such a sequence of rythmically related 
lines IS called a senes Fig 48 

Violet Red 



gases 


Fig 48 The senes in the cleveite 
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The lines constituting the discontinuous spectrum of an 
element, as normally produced, aie hnght lines, that is, they 
have definite colours In the beginning of the last centuiy 
Fiaiinhofei discoveied that the continuous band of coloi 
constituting the spectium of smihght was broken by a 
gieat numbei of lines as in the case of i discontinuous 
spectium, but tint these lines weie dark instead oi light 
The cvpl 111 ition ol this lay in the f ict that the gi eat in iss 
of the highly heated intoiioi of the sun gives use to light 

of evoiy conceivable wave-length constituting the confoimous 

spectium, and that the lucuidosccnt gases suiiounding 
this heated intciioi lia\e the selective povei of absorbing 
the veiy hglit-wavcs they themselves emit and thus give 
use to dark lines which, if it weie not toi the heated in- 
tciioi of the sun, Avould be blight These daik line spectia 
aie called Fi uiiihofei Mines Fig 49 They constitute the 
spectia of all the incandescent g iseous substances existing 
in the atmosphcio of the sun Lines of the spectrum ot 
any one substance in this itmospheio occupy the same 
relative positions as they do upon enth and hence the sub- 
stance may be rocogniaed with as much ceitamty as though 
it existed m the 1 iboi itoij’ mste ul of 91,000,000 miles iway 
With these definitions we xie now m a posit’ ( n to take 
up the business (d oui subject — the epic st ion is to whethci 
Ol not the (kmc ids exist in decomposed simplei foims m 
the sun uid stns The woik done on this subject coni- 
piises foity yens of the life of Sn Noimaii Lockyei 
Othei men hive made then coiiti ibutions, both cliiectly 
and indiiectly, but Lockyei has been the foiemost champion 
of the idei and to him done belongs the chaplet ot the 
victoi One of the fiist tasks put Ix-foie Lockyer in the 
pioneeimg stage of his woik wis the lemoval fiom the 
mind of science of a serious misconception Men weie 
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deeply imbued with the idea that an element could have 
one, and only one, spectrum They held this idea because, 
while not formally saying so, they believed that the atom 
which caused the spectrum was a simple undecomposable 
thing This idea of one element— one spectrum was a 
serious mistake, for it has been possible to show that an 
clement may have two or thiee spectra under cliff eient con- 
ditions,— though each spectium is characteiistic foi that 
substance Thus, Plucker and Hittoif in 1865 announced 
that “ theie is a certain number of elemental y substances 
which when differently treated furnish two kinds of spectra 
of quite a different charactei, not having any line or band 
in common” This was the fiist blow to the curient con- 
ception though it took many more befoie the fact won the 
concensus of scientific belief The conditions under which 
a substance must be placed in older that its spectrum may 
change fiom one form to another aie as follows 
a The temper atuie of a flame 
h The temperature of the electric arc 
c The vibration due to an electric spark of very high 

potential 

These three conditions, which amount to three stages in 
temperature, give use, in the case of many elements, to 

three or moie different spectra 

Let us tike the case of non, according to Lockyei 

1 The flame spectium consists of a few lines and nut- 
iiigs, only, including several well-marked lines, some of them 

arranged in triplets , t> i i 

2 The arc spectium consists, according to Kowlana, oi 

2,000 Imes or more 

3 The spark spectium differs from the arc spectrum m 
the enhancement of some of the short lines and m t e 
1 educed relative brightness of others 



200 


THE NEW KNOWLEDGE 


4 A spectrum consistmg of a relatively very ^mall num- 
ber of lines which aie intensified in the spark 
We see, thus, that the spectrum of an element depends 
upon the temperature to which it is subjected, and if we 
ask ourselves the meaning of the change which the spectrum 
undergoes, it is difficult to imagine any other efficient cause 
than elemental dissociation with increasing temperature to 
account for it But other explanations, more or less spe- 
cious, may be assigned, and as the dissociation, if it exists, 
exists for the briefest possible time under the immediate in- 
fluence of the arc or spark, it is impossible to prove it 
Help, however, is found in anothei direction As Lockyer 
says 

“ For twenty years I longed for an mcandescent bottle 
m which to store what the centre of the spark produces 
The stars have provided it ’’ 

The sun and stars really constitute so many mcandes- 
cent bottles in which to study the variations of spectra 
under different conditions and afford, as we shall see, proof 
of the most reasonable sort of the dissociation of the ele- 
ments 


THE CASE OP IRON IN THE SUN 

In one part of the sun, called the reversing layer,'' the 
spectrum of iron is represented by nearly a thousand lines 
In anothei part of the sun, called the ^^chromosphere," 
which IS apparently at a much higher temperature, the 
spectrum of iron is reduced to two lines only It is dif- 
ficult to see what other explanation we can assign to this 
lemarkable fact than that at the higher temperature of the 
chromosphere the atom of non is decomposed or dissociated 
mto some simpler constituent which appears at that point 
This explanation is rendered additionally valid by the 
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further fact that ui sun-spots one set of iron lines is found, 
and in this chi omosphere, quite anothei 

Fuitheinioie, at the miximuni sun-spot pciiod the 
widened sun-spot lines ue neaily ill unknown, at the 
minimum sun-spot peiiod they consist of non and other 
well-known substances, a fact only to be explained on the 
assumption that the inci cased eneigy at the maximum sun- 
spot period IS adequate to bieak the “iron and othei 
well-known substances” into finer things The most iiitei- 
estmg evidence, howevei, ot the decomposition of non un- 
der the fervent heat of the sun is adduced from the fact 
that while some of the “iron” lines in the sun show that 
the substance giving rise to them is m rapid motion, other 
diffeient and adjacent “non” lines show that the sub- 
stance in causal connection with them is at rest Now, il 
the “up-iush” and “down-rush” of incandescent gas in 
the sun weie caused by non vapoui as iron, it should Jie 
legisteied equally by all the non lines alike The fact that 
it is not gives us eveiy reason to suppose that m the sun, 
“ we are not dealing with non itself, but with piimitive 
forms of matter contained in non which are capabeo 
withstanding the high temperatuie of the^ sun, after the 
non observed is such has been broken up ” 

Fig 50, according to Lockyei, shows the vaiiations in e 
line spectrum of non as they existed in the i eversmg layer 
of the sun, the electric aic, the high-potential electiic 
spark, in sun-spots observed at Kensington, and in solar 
prominences obseived at Palermo It wih be observed that 
the normal Fiaunhofcr’s lines of iron m the sun correspond 
to the spectrum of iron as obtained at the temperatme of 
the arc, while the iron spectrum m sun-spots or 
corresponds to the more strenuous conditions of the hig 

potential spark 
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Fig 50 Iron sun-spot lines at Kensington confronted with iron prominence lines at Palermo 
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Eig 51 , according to the same authority, shows the dif- 
feient rates of motion legistered hy different and adjacent 
iron lines in the sun 



THE CASE OF MAGNFSITJM 

The difference between the flame spectrum of magnesium 
and the spark spectrum is marked Some of the flame Imes 
disappear altogether, and two new lines make their appear- 
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ance in the spark Turning to the sun, we find that the 
lines characteiistic of the flame spectrum do not appeal, 
while some of the spark lines do Mxgnesium, therefore, 
takes its place beside iron as an element which, m the sun, 
exists in a dissociated form, or, at any rate, that is the 
only explanation which will render the lesults consistent 
with reason 


THE CASE OP CALCIUM 

The evidence of dissociation in the sim afforded by cal- 
cium IS mteresfang In the electric-aie spectrum of cal- 
cium, a certain blue line is particularly pi eminent, while 
two other lines, named H and K respectively, are thin 
In the solar spectrum, on the other hand, the H and K 
Imes of calcium are particularly thick, while the blue line 
IS thm Again, in solar storms the blue line of calcium is 
always absent, while the H and K lines of the element are 
almost always seen Still again, the blue line is absent in 
eclipses, while the H and K lines are the brightest seen or 
photographed Finally, m photographing the spectia of 
sun-spots it was discovered that the H and K lines of 
calcium are reversed or darkened, while the blue line is 
not reversed It must be obvious, then, from this evidence 
that the calcium which on earth yields all three lines, must 
m the sun be decomposed into at least two sub-substances, 
one of which is m causal connection with the blue line 
and the other with the H and K lines 

STELLAR EVIDENCE 

But evidence is found in other suns The spectra of 
the stars afford m many cases the same simplified spectra 
observed m the sun, of iron, magnesium and calcium In 
addition, sunplified spectra of other metals are discovered 
such as titanium, copper, manganese, nickel, chromium^ 
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vanadium and stiontium To these supposably broken- 
down metals the prefix proto is applied By proto-iron, 
proto-copper and proto-nickel, for example, is meant the 
constituents of iron, copper and nickel as they exist in the 
sun or hottest stars A veiy import xnt proto-element is 
proto-hydrogen, discoveied some time ago by Piofessoi 
Pickering of Harvard University, m the star named zeta- 
Puppis in the constellation Argo The spectial lines rep- 
resenting this substance Pickeimg at first supposed to 
signify a new element, but he was able to show, later, 
that they belonged to a new series of hydrogen lines con- 
stituting a form of hydrogen unknown on earth Subse- 
quently, this same proto-hydrogen was discovered m the 
stars 29 Cams Major and gamma-Argus It is inteiestmg 
to note that this bioken-down, or proto-hydrogen, is con- 
fined to the veiy hottest stars known 

If we accept the dissociatmn hypothesis, these cmious 
proto-spectra are natmally, simply, and sufficiently ex- 
plained If we 1 eject it, we shall look in vain for any other 
present-day explanation which will co-ordinate and har- 
monize the observed lesults 

In our studies of the periodic law and ladio-actmty, we 
found leason to believe that the elements weie not by any 
means the simple bodies toimeily believed in, but that the 
itoms of these elements were highly complex and were built 
up of Pill tides hnei still We saw leason to believe that 
m the solai and stellar furnaces, if anywheie, we should find 
thc^se sub-( lemental forms of matter existing in a stable 
foirn, and that we do find a senes of remaikable phenomena 
which can be explained only on the supposition that we 
previously had every reasonable reason to believe, surely 
strengthens and rivets tight the whole hypothesis of the res- 
olution of the atom 
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Inoeganic Evolution 

In the preceding chapter we attempted to show by a brief 
exposition of the work of Sir Norman Lockyer that many 
of the elements of matter as they exist in the sun and stars 
are different from, and simpler than, these same elements as 
we know them on earth These simplified substances are 
called proto-elements and the process by which they are 
produced is dissociation owing to the super-intensity of the 
solar and stellar heat 

We now propose to show in accordance with the work of 
the same mvestigator that this dissociation according to tem- 
perature results m a stupendous evolution of inoiganic mat- 
ter, besides which organic evolution is the affair of a day, 
and to which it is a meie appendix 

By organic evolution we mean that the vast multitudes 
of plants and animals as they exist to-day aie not specially 
created but that they have all lesulted fiom oldei, simpler 
forms, and these from simpler still, and these again fiom 
still simpler, down and down to some ancient simple type 
from which they have all probably evolved So by inorganic 
evolution, we mean that the eighty odd elements of matter 
as we know them on earth to-day were not specially created, 
but that like the plants and animals, they have truly evolved, 
from simpler, and still simpler, types back to some really 
simple element from which they have all evolved through 
infimte seons gone by Futhermore we wish to show that 
( 206 ) 
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the evolution of living things is not paiallel to, but the eon 
tiiiiiation and end of, the inoiganic e-volution We deem that 
the goveinor of this inoiguiic evolution is tempeiature, and 
th it the evolution itself lesults fiom a running down cf 
Imnperatuio Bcfoie pioceeding to the evidence foi thi« 
‘statement we must fiist piesent the basis upon which lests 
tile whole building of Lockyer’s proof Befoie speaking of 
“hottest suns” and “coolei suns” we must ha\e some sys- 
tem! of celestial thcimometry by which we may compare 
beyond peiadventuie their relative temperatures The 
basis upon which this le&ts is stiong and simple We know 
from actual obseivation that on heating an iron lod, let us 
say, it first becomes led hot and then proceeds gradually 
up to whiteness Now, if we examine with a spectioscope 
the light fiom the lod in its piogiession to vhite heat, we 
find fiist tint only the led end of the spectium is seen, on 
Jiulhci heating, the oinige uid yellow poitions of the spec- 
(luin appear and, fiinlly, at a white heat, we have the 
wliolc visible spectium fiom lod to violet Not only so, 
hut by the aid of photogiaphy we discovei that as the rod 
glows still hotter the spectium piocceds farther and farther 
lido the invisible poition of the spectrum beyond the violet 
Wc' can, thus, make this general statement, that the hotter 
i body IS the moie does its spectium lengthen out, the more 
does it extend fiom led into the ultia violet, and this is as 
1 1 ue of a star as a pokei 

Lockyer fiist divides the stais into thiee mam groups 

Gaseous stars Longest Spectium 

Metallic stars Medium Spectrum 

Carbon stais Shortest Spectrum 

And on the basis of the foregoing fact he draws the foUowmg 
deduction 
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Gaseous stars 
Metallic stars 
Carbon stars 


Highest temperature 
Medium temperature 
Lowest temperature 


Next, on examining the chemical constitution of these 
three groups, he is able to still further extend our knowl- 
edge and the foregomg scheme 


Gaseous stars Highest temperature 


Metallic stars Medium temperature 


Carbon stars Lowest temperature 


Strong gas of 
the Helium 
family and 
faint enhanc- 
ed Imes 
Feeble gas of 
Helium family 
and strong en- 
hanced lines 
No gas of 
Helium family 
and strong 
arc lines 
Faint arc lines 


The meaning of the foregomg table is briefly this In the 
very hottest stars we find almost exclusively the gases hy- 
drogen, helium, and the gas asterium, which is, so far, un- 
known on eaith 

In the stars of medium temperature, these gases become 
replaced by metals m the dissociated state m which they 
exist in an electric spark of extremely high potential In 
the stars of the lowest temperature the gases disappear 
almost entirely and the metals exist m the state produced 
by the electric arc So ngourous is this division that Lock- 
yer has been able to construct a relative temperature table 
of stars m which the stars are an-anged m the order of de- 
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St ending tempera. tures, and which constitutes a veritable 
stellai thermome ter which he can use to test the tempera- 
tuie of the stars. 

Hottest stars 

1 Two in Argo (zeta Puppis and gamma Argus) 

2 Alnitam (epsilon Ononis) 

Sta? s of %nterrrh&d%ate temperature 
1 Achernar 

4 Algol 

5 Markab 

6 ( ). 

7 Bn ms 

8 Procyon. 

9 Arctuius 

Stars of lowest temperature 

10 19 Piscixiar. 

Considering tlais star table from hottest to coldest in le- 
Lition to the ctiomical nature of the stars comprismg it the 
evolution of matber drops into evidence 

1 Argonian Stars 

Predominant — Hydiogen and proto-hydiogen 
Painter — Helium, unknown substance, proto-magne- 
sium, proto-calciuin, astenum 

2 Almtamiaiia Stars 

Pic dominant Hydiogen, helium, proto-sihcon, unknown 

substance 

Fa ml Cl — A.sterium, proto-hydiogen, pioto-magne 

Slum, proto-calcium, oxygen, nitrogen, 
carbon 


14 
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3 Achemian Stars 

Predominaiit — Hydrogen, helium, astenum, oxy gen, nitro- 
gen, carbon 

Fainter — Proto-magnesmm, iiroto-calcium, proto-sili- 

con, unknown substance, silicon 

4 Algolian Stars 

Predommant — Hydrogen, proto-magnesium, proto-calcium, 
helium, silicon 

Famter — Proto-iron, astenum, carbon, proto-titan- 

ium, proto-copper, proto-manganese, 
proto-nickel 

5 Markabian Stars 

Predominant —Hydrogen, pioto-calcium, proto-magnesium, 
silicon 

Fainter— Proto-iron, helium, astenum, proto-titan- 

lum, proto-copper, proto-manganese, 
proto-nickel, proto-chromium 

6 ( ) 

7 Sinan Stars 

Predommant —Hydrogen, proto-calcium, proto-magnesium, 
proto-iron, silicon 

Fainter — The lines of the other proto-metals and the 

aic lines of iron, calcium and manganese 

8 Procyonian Stars 

Predommant -Proto-calcium, proto-titanium, hydrogen, 
proto-magnesium, proto-iron, and arc lines 
of calcium, iron and manganese 

Famter — The other proto-metals and metals occur- 
ring m the Sirian genus 

9 Arcturian Stars 

Predommant — ^Proto-calcium, arc lines of iron, calcium, 
and manganese, proto-strontium, hydro- 
gen 
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Fainter — Proto-iion and proto-titamum 

10 Piscian Stars 

Piedommant — Flutmgs of caibon 
Fainter — Arc lines of metallic elements 

A glance at the foregoing table shows us the following 
f lets 

1 That beginning with the hottest stais known, which 
aio composed almost altogether of hydrogen and dissoci- 
ated hydrogen we find that as the temperature decreases 
one after another of the chemical elements makes its ap- 
peal ance until, when we anive at 9, the Aictunan Stars, 
the elements rival in their number those existing in our own 
sun 

Now, since a star has but few elements when it is hot 
and many when it is cold, the natuial and leasonible ex- 
planation IS that the many have evolved fiom the few 

2 Next, we find that the metallic elements appear first 
in the dissociited condition and aftcrwaids in their normal 
form Thus, in Gioup 1 we have pi oto-calcium which after 
existing m the in tei veiling gioups appeals finally m Group 
7 in its noimal condition as the calcium which we know on 
caith Again, silicon appeals m the pioto-foim in Gioup 
2, in both the pioto and noimal foims in Gioup 3, and in 
the noimal foim alone in Gioup 4 lion appeals in the 
proto form in Gioup 4, faintly in the noimal form in 
Group 7, and pi edominantly m the normal form m 
Group 8 

It IS evident that this fact greatly strengthens the valid- 
ity of oui cxplanition Foi it with decrease of temperatuie 
the elements aie evolved out of simpler substances, of 
coune the dissociited foims would appeal fiist It would 
be a seiious blow to the whole hypothesis weie wc to find 
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an element appearing first in the normal form and after- 
wards m the dissociated form Such, however, we do not 
find to be the case 

3 Pinally, we discover that as a general rule the ele- 
ments of lightest atomic weight appear first This, also, is 
quite in accordance with what we should expect on the 
dissociation hypothesis W e have had reason to belie\ e that 
the atoms are built up of nothing but corpuscles, and these 
corpuscles would naturally form larger and larger aggrega- 
tions as the temperature sinks Furthermore, m the 
penodic law we saw that the elements of the same family 
behaved just as though the heavier atoms had evolved from 
the lighter That the elements do not appear with sinking 
temperature stnctly in the order of their atomic weights, 
need not discompose us, for we have seen that a corpuscular 
aggregation constituting an atom depends for its stability 
not only on the number of corpuscles constituting the atom, 
but upon their arrangement Consequently, it might easily 
be possible for an aggregation of X corpuscles with a 
certain stable configuration to exist before an aggregation 
of Z-1000 m a configuration less stable This might ex- 
plam why we find calcium in the stars with an atomic 
weight of 40, before we find sodium with a less atomic 
weight of 23 Though we should expect, nevei theless, as 
we find to be the case, that as a general rule the elements 
would put m their appearance in the order of their atomic 
weights Taking it altogether the evidence for an mor- 
ganic evolution of the elements seems every whit as con- 
clusive as the evidence for an organic evolution 

The geologist from an examination of the earth’s strata 
from lowermost to highest finds an ever-increasing com- 
plexity in the organic remains which the rocks contain 
The astronomer from an examination of the stars from 
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hottest to coldest finds an ever-inci easing complexity in the 
so-called elements which they contain 

They both deduce an evolution of simplei foims to moie 
complex^ and their deductions aic equally \ahd We 
accept the oiganic evolution, we must accept the inorganic 
evolution Orgmic evolution is measuied by millions of 
years, inorganic evolution is measuied, piobably, m billions 
This need not atfiightus foi we have seen ample demon- 
btiation m this book that with God there is neither great nor 
small in size, noi long noi short in either distance or time 

But aie the oiganic and inoiganic evolutions parallel proc- 
esses, 01 does one follow upon the heels of the other? 
Wc conceive of inorganic evolution as the existence first of 
the atoms of the dissociated simplest elements followed by 
the appeal an cc of the atoms of the elements more and 
11101 e complex as the tcmpeiature diminishes From our 
knowledge of ever} -day chemistiy we can easily see that 
the stellai bodies compiising these atoms would eventually 
sink to a tcmpeiatuie so low that the atoms of the elements 
foimed could associate into the molecules of compounds, 
and that the complexity of these compounds would con- 
tinu illy inci ease until, at about the temperature of the 
oaith, we should find, as to-day, that they existed in tens 
of thousands But where does life come in? 

The gieat law of continuity foibids us to assume that 
life suddenly made its appeal ance out of nothing, and tells 
us that we must look for the element of life in the very 
elements of matter, for the potentiality of life should exist 
in every atom 

The biologists and geologists tell us that life oiigmated 
m the sea If that is the case, then the constituents of 
living bodies should be the constituents of the sea-water 
vincl the air above it 
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The constituents of sea-water are 


Chloride of sodium 77 75 

“ “ magnesium . 10 87 

Sulphate of magnesium . 4 73 

“ “ calcium . 3 60 

" “ potassium 2 46 

Bromide of magnesium 0 21 

Carbonate of calcium 0 34 


The mam constituents of the au are nitrogen, oxygen and 
carbonic acid 

The elements constituting sea-water and air are thus 
Oxygen, nitrogen, carbon, hydrogen, sodium, magnesium, 
potassium, calcium, chlorine, sulphui and bromine 
Let us now examine the constituents of the living being 
We find on an ultimate analysis that they comprise Oxy- 
gen, nitrogen, carbon, hydrogen, sodium, potassium, phos- 
phorus, sulphur, calcium, magnesium, iron and silicon We 
see, thus, as a matter of fact, that the elements constitut- 
mg livmg bemgs are almost exclusively the elements con- 
tamed in sea-water and air And not only so, for the ele- 
ments constituting sea-water and air are the first elements 
created m the process of inorganic evolution This is easily 
determined by an examination of the stellar temperatuie 
table, page 209 This table shows us that the hydrogen, 
oxygen, nitrogen, carbon, calcium, magnesium, iron, so- 
dium and silicon that constitute sea-water and the substances 
of our own bodies are the first born elements of the hottest 
stars More and more do we see that we are the last re- 
sult of a series of consecutive changes running back without 
any sudden break in continmty to a time when the stars 
were young Organic evolution is the last stage in inor 
game evolution and we are akm to the stars It is inter- 
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e&tmg to notice the i elation of organic evolution to inoi game 

('vclution lu the scale of time as illustrated by Sir Norman 
Lockyei h'lg 52 



lu- 52 Onsram showm!? thit oi2;a,nic evolution occupies only a 
poinr 111 Uk hru lepicsaiting the time and temperature lange lequired 
by itioiiiiTiiut < Nolutioii 
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This diagram mforms us that m the running down of 
temperature from the 30,000 degrees Centigrade, which is 
estimated as the temperature of the hottest stars, to the 
average temperature of the earth, that the position of or- 
ganic evolution IS a mere pomtm the scale somewheie be- 
tween the temperature at which water boils apd ice melts, 
and yet we measure that point by many mdlions of years 



CHAPTER III 


Inorganic Dfvoltjtion 

And so we are akin to the stais, and untold millions of 
yeais ago the tiny pai tides of the mateiia prima, the cor- 
pusdes, electrons, or whrt not, began the mazy configu- 
lations which evolved into the atoms which constitute us 
We began so long ago that the imagination feels almost 
willing to lest satisfied and satiated with a conception so 
immense, — almost, but not quite There is a distuibmg 
question Did God, howevei long ago, stait the ending 
pai tides with the full plentitude of His eneigy, and then 
leave them to waste then eneigy in ever multiplying con- 
figuiations down to what, howevei fai lemovcd it may be, 
must be a state of lest and death, oi did He give them this 
eneigy in peipetuity"^ Putin anothei way, is the umvcise 
i dock wound up by the Makei and left to lun itself down 
01 has it within itself the ek'menls of its own legenei alion? 
The definite answm to tins gieat cpieslion is haidly for 
oui day but we have evidence aahieh anticipates the an- 
swei, evidence which is stiong and good so fii is it goes 
and which h' ids to the eondusion that theio is i compen- 
sating devolution of the umveise which, foi all we know, 
may balance its evolution 

Oui belief in inorganic evolution rests upon the apparent 
fact that with a running-down of tempeiatuie m the stais 
we have a continual incieasc in the numbei of elements 

( 217 ) 
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contained m them, and the running-clown of temperature 
IS measured by the progressive contraction of the spectra of 
the stars towards the red end of the spectrum The chemical 
constitution of the stars is thus correlated with their tem- 
perature, and the stellar thermometer, page 209, is an expres- 
sion of this correlation But when Lockyer had sorted 
out his stars into equal-temperature groups m accordance 
with this table, he discovered a fact of the utmost impor- 
tance and significance He discovered, indeed, that the 
constituent stars of each one of these groups having among 
themselves the same elements, the same length of spectrum 
and, consequently, the same temperature, differed in this, 
that wjiile some of them had thick hydrogen lines and thin 
metallic Imes m their spectra, in others the relative thick- 
ness and thinness of the lines was reversed The different 
mtensities of the hydrogen lines in stais of practically iden- 
tical temperature and constitution is shown m the accom- 
pany mg Fig 53 in the case of Sinus and alpha-Cygni to- 
gether with the differences in width and intensities of the 
enhanced metallic lines m two other similar stars Procyon 
and gamma-Cygni 

For the full bearing of this fact the reader is referred to 
Lockyer’s ''The Meteoritic Hypothesis Heie it will suf- 
fice to say that this fmidamental difference of intensity in 
the spectral lines of stars of the same temperature and 
constitution leads logically to the conclusion that while 
those stais having thick hydrogen lines and thin metallic 
lines are decreasing m temperature others in which the rel- 
ative intensities of the lines are reversed are on the con 
trary %nareas%ng m temperature 

In other words, while some of the stars are growing 
cooler and more complex, and are undergoing an evolution, 
others are growing hotter and less complex and are under- 
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going a devolution Lockyer has found himself able to 
construct a table similar to, and numbered like, that of the 
stellar thermometer, page 209, m which the stars are 
placed in the order of their intensity of temperature, and in 
which every star is growing hotter We present this 
table of stars together with the elemental substances com- 
posing them 


1 Antares 

Predominant — ^Flutmgs of manganese 
Fainter — Arc lines of metallic elements 

2 Aldebaran 

Predommant — Proto-calcium, arc lines of iron, calcium and 
manganese, proto-strontium, hydrogen 
Famter — Proto-iron, proto-tmtanium 

3 Polaris 

Predommant — ^Proto-calcium, proto-titanium, hydrogen, 
proto-magnesium, proto-iron, and arc 
lines of calcium, iron and manganese 
Painter — The other proto-metals and metals occur- 

ring in the Sinan genus 


Famter — 


4 ( ) 

5 alpha-Cygni 

Predommant — ^Hydrogen, proto-calcium, proto-magnesium, 
proto-iron, silicon, proto-titanium, proto- 
copper, proto-chromium 
Proto-nickel, proto-vanadium, proto-manga- 
nese, proto-strontium, iron 

6 Rigel 

Predommant — ^Hydrogen, proto-calcium, proto-magnesmm, 
helium, silicon 

Famter Asterium, proto-iron, nitrogen, carbon, 

proto-titamum 
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7 zeta-Taun 

Predominant — Hydiogen, helium^ proto-magnesium, aster- 
mm 

Faintei — ■ Pioto-calcium, silicon, nitrogen, carbon, 

oxygen, proto-iron, pioto-titanium 

8 beta-Crucis 

Predominant — Hydrogen, helium, asterium, oxygen, nitio- 
gen, carbon 

Fainter — Pioto-magnesmm, pioto-calcium, proto-sili- 

con, unknown, silicon 

9 Alnitam 

Predominant — Hydrogen, helium, proto-silicon, unknown 
substance 

Fainter — Asterium, pioto-hydiogen, pioto-magne- 

sium, proto-calcium, oxygen, nitrogen, 
carbon 

10 Argo 

Predominant — Hydiogen and proto-hydrogen 
Fainter — Helium, unknown substance, proto-magne- 

sium, proto-calcium, asterium 

A comparison will show that Group 1 of this table cor- 
lesponds m chemical constitution with Gioup 10 of the 
other, Gioup 6 with Group 5, Gioup 8 with Gioup 3 The 
bottom of this stellai table is the top of the other The 
hottest stars of the Aigonian type aie the culminating point 
of a star’s giowth in temperatuie and simplicity They arc 
also the point of depaituie in the stai’s decay in tem- 
peratuie and growth m complexity The couise of a star’s 
histoiy IS a curve 

We thus see that the magnificent inorganic evolution 
which we desciibed in the foiegomg chapter is by no means 
the final expression of the working of the universe It is 
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but the last phase, the fall of the ascended rocket and its 
bursting into the p 5 T'otechnics of our chemical elements 
Taking some one star as typical of all, we may trace its 
history m accordance with the hypothesis devised by 
Lockyer The history of a star begins with a nebula A 
nebula is a vast swarm of meteorites colliding together 
The meteorites are cold lumps of matter containing the 
chemical elements as we know them on earth These 
meteorites m accordance with their gravitational attraction 
seek the centre of the swarm, collisions result, heat is 
evolved, and the temperature gradually rises 

Owing to the meteontic bombardment, the condensing 
and colliding mass becomes first so hot that the low-tem- 
perature arc lines begin to appear in the spectrum of the 
mass and we have such a star as Antares in Group 1 of the 
table above But the bombardment and condensation 
continues, and the temperature mcreases to such a point 
that the arc lines now begin to disappear and the enhanced 
Imes of dissociated elements begin to take their place 
The star thus passes progressively through the conditions 
exemplified in Groups 2, 3, 4 and 5 Next, many of the 
proto-elements, themselves, disappear and others, fewer m 
number, take their place, proto-nickel, proto-manganese, 
proto-vanadium, pass away and elements like proto-mag- 
nesium, silicon, oxygen take their place Finally, these ele- 
ments themselves disappear and the star eventually arrives 
at the condition shown m Group 10 in the naked simplicity 
of nothing but hydrogen and dissociated hydrogen together 
with small quantities of helium, proto-magnesiura, proto- 
calcium and astenum 

It IS now completely converted into an incandescent gas 
at the highest attainable temperature The progressive de- 
composition into simphcity ceases for want of meteorites to 
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( ontmue the bombardment and the future history of the 
incandescent gas is that of a cooling body 
Step by step it passes back through the various groups 
as in the table, page 209, ever deci easing in temperature and 
mcKvifomg in complexity, until it arrives at Group 10, into 
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the condition of our own sun and Aicturus in the full pos- 
session of most of the elements we find on earth, and, even- 
tually, into the condition of a daik star, extinct and dead, 
like our earth itseK This progress of a nebulous swarm of 
meteorites to a dark star, is illustrated, diagrammatically, by 
Lockyer in the accompanying temperatuic curve lig 54 
But the interesting question yet remains Is this curve of 
ascent and descent, which is deemed to be common to evei y 
star in the uni\erse, open or closed What is the relation 
between the dark stars at the end of the process and the 
meteorites at the beginning If the swarms of complex me- 
teorites pass up into the simplicity of the hottest stars and 
back agam to the complexity of the dark staisand common 
earth, do the dark stars become metcoiites again and con- 
tinue the process infinitely in a circle of change, or, to re- 
vert to the question at the head of the chaptei, is the uni- 
verse a clock running down We sec, at any rate, evidence 
of a regenerating influence at work, and that if we have an 
inorganic evolution we also have an inorganic devolution, 
but in the light of this present chapter that is all that can 
be said We shall discuss this question from a totally dif- 
ferent point of view in Chapter III Part VII 
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THE NEVr knowledge AND OLD PR- 


CHAPTER I 

COSMICAL PeOBLEMS AND RaDIO-ACTIVITY 

The Sun’s Heat 

How does the sun maintain its heafi* This has always 
:'cn a pioblein ot intense interest to the human mind It 
IS it fust supposed, naively, that the sun’s heat was 

I uiit allied by oidinuy chemical combustion, that the sun 
as a burning fiie, and that when the coal, oi what not, of 
■Inch the sun was composed, was consumed, there would be 

II end of light and heat and life This belief was shown to 

e untenable, among others by Piofessoi Tait who said 
Take (in mass equ il to the sun’s mass) the most energetic 
honiicalj known to us and the piopei piopoition for giv- 
ag the ’a test amount of heat by actual chemical combi- 
lation a^“d, so fai as we yet know then piopeitics, we cin- 
lot see the means of supplying the sun’s piesent waste 
oi even 5,000 veais It is quite obiious that the 

icat of tbo sun cannot possibly be supplied by any chem- 
cal process of which wc ha've the slightest conception 

This question is quite unanswei able, unless theie he 
heniical agencies at work m the sun of a fai more powerful 
ndcr than anything we meet with on the earth’s surface 

( 227 ) 
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Next, it was supposed that the meteorites fallmg mto the 
sun could generate heat sufficient to maintain its energy 
This also was disproved Fmally then came Helmholtz’s 
theory, based upon the nebular hypothesis, that the heat 
of the sun might be maintained by its own contraction 
from a nebular condition It is not too much to say that 
in recent yeais this has been the accepted theory of science 
It has always been burdened, however, by the fact that, on 
this basis, the sun could not have maintained its energy and 
have illuminated the earth m the past for a time sufficient 
to account for the observed geological changes Professor 
Young says in his “General Astronomy,” “No conclusion of 
geometry is more certain than this that the contraction of 
the sun to its present size, from a diameter even many times 
greater than Neptune’s orbit cannot have been emitting 
heat at its present rate for more than 18,000,000 years, if 
its heat has realty leen generated in this manner 
Fmally, Lord Kelvm has calculated the energy lost in 
the concentration of the sun from a condition of mfinite 
dispersion with the conclusion that it is “ on the whole 
probable that the sun has not illuminated the earth foi 
100,000,000 years and almost certam that he has not done 
so for 500,000,000 years As for the future we may say 
with equal certainty that inhabitants of the earth cannot 
continue to enjoy the light and heat essential to their life 
for many million years longer, unless sources now unknown 
to us are prepared in the great store-houses of creation ” 
We shall see that in radio-activity we have, probably, 
an additional store of energy We know that there exists 
m the sun enormous quantities of the element helium We 
know, also, that helium is a decomposition product from 
radio-active substances, — ^and finally we know that radio- 
active substances generate enormous quantities of heat It 
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is, therefore, possible, and even likely, that there exists in 
the sun’s mass large quantities of radio-active matter, and 
on this supposition it is easily possible to increase to an 
enormous extent the duration of the sun’s age and heat 
in the past, and its maintenance for untold millions of years 
m the future 

It may be shown that the presence of 3 6 giams of la- 
dium in each cubic metie of the sun’s miss is sufficient to 
account for its piesent late of emission of eneigy, oi, cal- 
culated in another way, that 2 5 paits by weight of ladio- 
active matter in a million would keep the sun going 
Rutherford concludes that if the energy resident m the 
atoms of the elements is available in the sun that the time 
during which the sun m ly continue to radiate at its present 
rate may be as much as 500 times longer than the maximum 
limit afforded by Loid Kelvin 

We see thus that the depiessing conclusion of the older 
science that the euth must come to an end in a time 
short in comparison with its past duration, was unwairinted 
It may, however, bo objected to this conclusion that if the 
sun possesses ladio-activity, tins i idio-activity ought to be 
peiceptible on eaith But this is not so, foi even the most 
penetiating lays, the gamma-iayh, ^would be piactically 
stopped and absoibcd by the eaith’s atmosphcic which is 
equivalent to 30 inches of mcicuiy 

THE AGE OP THE PARTH 

For the last fifty years the age of the eai th as a habit- 
able planet has been a subject of bitter debate between the 
physicists on the one hand and the biologists and geolo- 
gists on the other The physicists would not grant the 
time demanded by the geologists ind biologists , for whereas 
the physicists would grant ten million years, the geologists 
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refused to be content with less than a thousand million 
The claims of each party to the contioversy seemed to be 
irrefragable and yet irreconcilable As an example of the 
physical method of calculation we may cite the method of 
Lord Kelvin who deduced the age of the earth by a con- 
sideration of the interior heat of the earth and the rise of 
temperature as one descends beneath the surface 

This nse m temperature amounts to about one degree, 
Centigrade, for every one hundred feet of descent, and tak- 
ing the average heat conductivity of the earth as 004 
(C G S Units) this leads to the conclusion that ten million 
years ago the surface of the earth was still molten, — a con- 
clusion absolutely unacceptable to the natural scientists 
This conclusion of the physicists rests on a certam assump- 
tion which, however, at the tune, seemed no assumption at 
all In a word they assumed that the earth was a self-cool- 
ing body, they did not imagine that it was a self-heahng one 
as well We shall see that as a matter of fact the earth is 
self-heating 

One gram of radium yields about 100 calories of heat per 
hour, or 864,000 gram-calories per year Consequently, the 
presence of 2 6 X 10-^® of radium per imit volume or 
4 6 X 10-^^ per unit mass would compensate for the heat 
which the earth loses by conduction Or, taking the case of 
uranium, which probably does not evolve more that a mil- 
lionth of the heat of radium, it may be shown that the pres- 
ence of a very small fraction of this substance scattered 
throughout the earth would be sufficient not only to keep 
the earth’s temperature constant but actually to raise it 
from a cold condition to a hot one But do we actually find 
m the ordinary earth a radio-activity adequate to furnish 
heat sufficient to balance the earth’s loss by conduction^ 
We certainly do We have shown, pages 133 et seq , that all 
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inattei is radio-active, including the soil, water, air, and in- 
deed piactically all earthly substances It has been convm- 
cingly shown by Rutheiford that this ladio-activity of ordi- 
nary substances is m the right order of magnitude to balance 
the loss of the earth’s heat into space It seems, then, that 
the physicists were right only so fai as they went, the trouble 
being that they did not take into account the possibility of 
the eaith being a self-heating body The geologists and 
biologists wore also light — and they may have the thousand 
million years for the earth as a habitable planet, if they 
desire it 
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Tee Mechanical Presseee of Light aistd its 
Consequences 

To the reader who has not followed, particularly, the 
course of scientific advance during the last ten years, the 
heading of this chapter must seem, upsettmg to all accepted 
notions as to the nature of light By light is meant un- 
dulations in the omnipresent ether and it seems odd to 
attribute mechanical pressure to such an immaterial thing 
Yet in 1873 Clerk-Maxwell, in one of his prescient mathe- 
matical inspirations showed that such a pressure should 
exist, and his conclusion was mathematically borne out in 
1876 by Bartoli on totally different grounds Briefly it 
may be stated that this light pressure p is determined if 
we know the amount of energy H m the light, the reflect- 
ing power of the substance that receives it r, and v the 
velocity of light, for then 

P=f (1 X r) 

The experimental verification, as is often the case, lagged 
long behmd the mathematical prediction In 1901, how- 
ever, Peter Lebedew actually proved and measured the 
mechanical pressure of light The pressure discovered was 
small, but the smallness of a thing is often an mverse 
measure of its importance, and as this hght pressure has 
been found adequate to the task of explaining some of 
earth’s greatest mysteries we shall mdicate his method 
here Briefly, he aUowed a beam of light to fall on a sus- 
(232) 



MECHANICAL PRESSURE OF LIGHT, ITS CONSEQUENCES 233 


pended disc m a bulb cent lining a vicuum This vicuuin 
was attained with the gieatest care by first exhausting the 
bulb to the highest degree possible and then freezing out 
the residue ol meicury vapoui In such a vacuum the disc 
was lepelled on the impict of the light-beam and its icpul- 
sion was measured by its toisional effect on the suspending 
wiie This repulsive pi essuie of the light w is found \ci} 
neaily equal to that cilculated so long in advance by Cleik- 
Maxwell Since Lebedew’s demons tiation, Nichols and 
Hull have lepeated his woik with greatei exictness and 
there is now no shadow of doubt as to the fact that it has 
Maxwell’s value This light pressure at the distance of the 
eaith fiom the sun is sin ill, not quite a milligram pei 
squaie metie of the caith’s suiface, oi, put loughly, 70,000 
tons on the whole earth Weie we to consider only the 
effect of the impact on laige bodies oui intciest would not 
proceed veiy fir, but things take on a dilfeient complexion 
when we notice the lein likable effect of size on the relation 
between the light pi essuie and weight oi giavitationil 
attraction The light piessurc is ipplied only on the sur- 
face and IS piopoitionil to the suit ice while weight oi the 
pull of gravitation, on the othei hind, affects the ivhole 
body 

Suppose we divided a spheie, such as a cannon ball, into 
eight equal spheies The sum of the suit iccs of these eight 
spheies would be twice that of the original spheie while 
the weight of giavitative pull would lemain the siine If 
we continued the piocess of division until the spheies wcie 
the size of the smallest shot, the total sum of their sur- 
faces would be enoimous compared with the original sphere 
while the weight would again be equal to that of the can- 
non ball If we continued the division on and on we should 
eventually come to a body so small that the ratio of its 
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surface to its weight would bo enormous, — it would be al- 
most all surface Now the gieater the suiface the gieatei 
the effect of the light pressure and hence without going 
down, by ariy means, into infinitesimals the piocessof divi- 
sion carries us to a particle so fine that the light pressure 
will exactly balance its weight This is the case with a 
particle of earth 1/100,000 of an inch in diameter Such a 
particle would neither be attracted nor repelled from the 
sun, for the sun’s pull upon it is exactly balanced by the 
repulsive force of the sun’s light If the particle is smallei 
still it IS repelled from the sun and, in fact, if the particle 
IS exceedingly small the light-pusli may enoiniously exceed 
its weight But 1 /100,000 of an inch is not in itself very 
small We know many bodies smaller than this, without 
considering the atoms and corpuscles of preceding chapters 

comets’ tails and theie explanation 

One of the greatest mysteries m astronomical science has 
been the comet’s tail and why it points away from the sun 
The facts are generally known The tail of a comet may be 
any length up to 100,000,000 miles It develops and grows 
larger as the comet approaches the sun, proceeding back 
from the direction of motion of the comet like the smoke 
from a steamer, but unlike the steamer-smoke, as the comet 
rounds the sun and flies away , the tail now precedes tlie head 
It is precisely as though there was a strong repulsive wind 
blowing away from the sun and suffiemg to keep the comet’s 
tail pointed away from it The nature of this repulsive 
force has been the mystery of astronomy Now, however, 
we may consider ourselves acquamted with its cause 

The whole comet has a spectrum practically identical 
with that of a bunsen burner consuming ordmary gas, 
and, hence, evidently consists of hydrocarbons In addi- 
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tion, as tlie head appi caches the sun evidence of iron, 
magnesium and other metals becomes apparent We can 
easily see that as the comet approaches the sun the hydro- 
caibons must break up into hydrogen gas and other hydro- 
carbons of highei boiling point Finally as the sun is ap- 
proached and the heat becomes intense these hydrocarbons 
themselves will break up into free caibon in the form of 
soot The whole piocess is analogous to that winch takes 
place in an ordinary gas flame with the exception that 
since there is no an, the soot foimed cannot bum into gas 
but must exist m the form of small particles These small 
particles whethei m the form of a mist of liquid hydro- 
caibons, or in the form of a carbon soot, must fall under 
the sway of the mechanical pressue of light If they are 
so small that the hght-pressuie ovei balances the foices of 
the sun’s giavitative pull they will be diiven back from the 
comet with a speed depending on then size and will con- 
stitute the culinary comet’s tail If these small particles 
vaiy in size, as would naturally be the case, the rate at 
which the light chives them will vary and the resulting 
tul will be cuived 

Since the material composing the comet is hetero- 
geneous, one constituent after another wiU. decompose and 
seveial tails will be formed successively with curvatures 
depending on the size of the particles If the particles are 
larger than can be repelled by the sunlight they will form a 
tail pointing towaids the sun, which is a rar#^ phenomenon, but 
occasionally obsei ved The sizes of the mist particles of the 
comets’ tails necessary to account for their observed length 
and curvature have been calculated, and are quite in the 
order of particles we are familiar with on earth in the early 
stages of combustion They vary in diameter from 1 /10,000 
to 6/1,000 of a millimetre Now a particle one-half the 
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“weight” which the sunlight can balance, about half the 
thousandth of a miUimetre, would travel under the pressure 
of light more that 865,000 miles an houi In comets’ tails 
we probably have particles whose diameter is less than one- 
eighteenth of this Such particles would travel the same 
distance m less than four mmutes 
It IS not surprismg, then, that “ the tail of the great comet 
of 1680 was found by Newton to have been no less than 
20,000,000 leagues m length and to have occupied only two 
days m its emission from the comet’s body, — a decisive 
proof this of its being darted forth by some active force, 
the ongm of which, to judge, by the direction of the tail, 
must be sought m the sun itself ” The whole matter is ac- 
counted for by the mechanical pressure of light, — a force in 
the universe hitherto unsuspected 

THE SOLAR PROMINENCES AND THE CORONA 

In a solar eclipse, at the precise moment when the moon 
blots out the sun’s disc there becomes visible around the 
edge of the sun a number of magnificent scarlet steamers, 
or clouds, some of them 60,000 miles m height and held 
suspended over the sun These are the solar “ proTfiinences ” 
In addition to these fiery streams thei e exists also a beauti- 
ful halo or 'glory” of a greenish or pearly lustre which 
contrasts finely vith the scarlet hue of the prominences 
This halo” has been called the “corona ” 

Both the prommences and corona consist of matter m a 
highly rarefied condition and the so-far unanswered question 
of the astronomers has been, “How is this matter held up?” 
The complete answer seems to be, “It is held up by the 
pressure of the sun’s own light” The sun must project 
vapours mto space These vapours will condense mto drops 
where thqr meet the cold of outer space These drops, if 
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larger than the cntiealsize, will fall slowly back towards 
the sun constituting the pi eminences, if smaller than the 
ciitioal value, they will be diiven away fiom the sun forming 
the cunous streams of the corona If they aie, practically, 
just the size which the light cm suppoit they will float 
peiinanently suspended md will constitute the mam body 
of the eoiona Even the mysterious “hmy structuie” of 
the corona is explicable as due to the supporting power of 
light on particles of different swes 

THE ZODIACAL LIGHT 

Just after twilight on any clear evening m wmter or 
spring there may be seen on the western horizon a faint 
soft beam of light This beam seems to proceed out from 
each side of the sun to some distance beyond the earth’s 
orbit It IS called the zodiacal light Its cause has been 
anothei of the “mysteiies” of astionomy, though it finds 
an easy present-day explanation in terms of our theoiy 
It was shown, page 51, that incandescent caibon and metals 
gave off negatively electiified particles or corpuscles a 
thousand times smallei than the smallest atom We know 
that enoimous cjuantities of caibon exist m the photospheie 
of the sun, and exist, moieovei, at a temperatuie vistly 
gicatei than my known on eiith This caibon must emit 
(oipusdcs, and, since the coipuscles aic almost infinitely 
small, the effect upon them of the mechanic xl piessuie of 
light must be extiemc The sun must, then foie, bombard 
all space with coipuscles travelling with an immense ve- 
locity These corpuscles, which it should be remembered 
aio negatively electrified, when they strike the outer regions 
of the earth’s atmosphere will charge it also negatively, and 
when this charge reaches a certain value the oncoming rush 
of corpuscles will be deflected by the similar electrification 
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of the atmosphere so that it "will stieam past the earth on 
each side m a h 3 T)erbolic orbit Far out in space on the 
side away from the sun they will meet with other particles 
We have shown, page 63, that corpuscles are reinaikablc 
m being able to act as nuclei about which other corpuscles 
and atoms and molecules will collect When they nuct, 
therefore, with othci pai tides back of the eaith, this con- 
densation will take place and if the pai tides foimcd aie 
gi eater than the critical chametei which the piessuie of 
light can control they will diift back with inci easing velocity 
past the earth and towards the sun If we could take our 
stand on the moon we should piobably sec the oaith at- 
tended by a faint double tail tlic moie conspicuous one 
pointmg away from the sun and a famter one pointing 
toward him It is this sheaf of light on each side of the 
earth, due to a corpuscular bombardment from the sun, 
which, in the opinion of Arrhenius, is the cause of the zodi- 
acal h^t It should be stated here that Arrhenius is the 
father of nearly all this theoretical interpretation of the ob- 
served mechamcal pressure of light 

THE AXJEORA. BOREALIS 

The Aurora Borealis has been still another mystery 
We aba.11 see that the new knowledge has something to say 
as to its elucidation In Part III it was shown that the 
corpuscles from red-hot carbon, Crookes’ tubes and the 
beta-rays of radium are deflected by a magnet in such a 
way that they descnbe helices around the Imes of magnetic 
force If the magnetic field is strong enough they may be 
bent into a complete circle inside a moderately large tube, 
page 57 If there is such a thing as the contmuity of 
natural law, the earth should be bombarded by these cor- 
puscles projected from the sun But the earth is a magnet, 
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and the Imcb of force pioceed from pole to pole Now the 
corpuscles must arnve most thickly over the equatorial 
region of the earth where the earth is diiectly exposed to 
them They must be at once caught by the lines of force 
and must travel along them m winding helices ever coming 
closer and closer and faithei and fiither down into the 
itmospheie as they approach the poles At a certain dis- 
tance from the poles they find themselves in an atmosphere 
coinpaiable with our high vacua and they then begin to 
give out the shifting and daitmg lights of the cathode rays, 
though this can be only at the cost of their existence for 
their energy is absorbed in causing the luminosity These 
daitmg and shifting lights of the cathode lays^^ in ac- 
cordance with this speculation account for the Aurora 
Borealis as well as for the daik circles around the magnetic 
poles fiom which, as fiom behind a curt am, the leaping 
pillars of the Am ora rise If the theory is true, there 
should be some connection between the eaith’s magnetic 
field and the Am ora and since they are both due to solar 
influence they should be related, as well, to the sun’s 
activity as revealed in the number of sun spots 

In fact, the Aurora Boieahs, the earth’s magnetrsm and 
sun spots should all vary together It has long been known 
that they all do vary together in a very remarkable way 

ATMOSPHERIC ELECTRICITY 

Another peculiarity possessed by corpuscles travelling 
with high velocity is their ability to knock to pieces or 
ionize a gas through which they pass, and that these 
ions act as nuclei ot condensation of clouds If, there- 
fore, the earth is bombarded by solar corpuscles they should 
ionize the air in the upper regions and this should result 
in the formation of clouds We have here a beautiful 
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explanation of the hitherto inexplicable fact that cloud- 
formation in the upper air vanes with the frequency of 
aurorse 


METEOBITBS AND NEBTJIi® 

The number of corpuscles intercepted by the earth is 
of course inlinitesunal compared with those that miss the 
earth altogether and contmue on thiough interstellar space 
Through their immense velocity under the pressure of light 
we can easily see how they would overcome then electrical 
repulsions, dash together, condense and form the meteorites 
which flame through the upper air and occasionally reach 
the earth itsdf as “ thunder-bolts ” We are not even yet 
at the end of the functional power of the corpusde Many 
of them will escape these traps to stnke the nebulse and 
comets The fact that both nebulae and comets are cold 
bodies and yet shme with their own light has always been 
a perplexmg matter It need be so no longer, for on the 
impact of a ram of corpuscles the tenuous gaseous mass of 
a nebula or a comet’s tail would of very necessity shine 
with the same hght that wc see in the Aurora or a Crookes’ 
tube on earth 

It IS a highly mterestmg and significant fact that these 
corpusdes found m candle flames, hot metals, Crookes’ 
tubes and radium, which apparently constitute the very 
essence of matter and dectncity, should also serve to ex- 
plain, reasonably and adequately, some of the most per- 
plexing phenomena m the whole range of natural knowledge 



CHAPTER III 


On the Reconstruction of a Universe 

It lb now possible to renew the discussion postponed from 
page 224 as to whether or not the universe is losing its avail- 
able energy and is going steadily to a condition of rest and 
extinction, whether or not the univeise is a clock runnmg 
down Only yesteiday, practically, the affirmative side ot 
this question seemed to be one of the safest and suiest con- 
clusions ol modem science But we have seen moie than one 
of these long- xccep ted generalisations seriously impugned 
and it may be that, in the light of this new knowledge, we 
sh ill find that this widely accepted dictum of science, that 
the umveise is pioceeding fatally to the extinction of its 
available cneigy, is also a legitimate mattei of deliberate 
question 

The icasons foi this cm lent conception have seemed, until 
recently, irrefragable In the words of Mi A Darnell, “In 
cveiy Transformation of Energy we find that some Energy 
is uwtpd through conversion into Heat, the result, direct or 
indirect, of friction, noise, flashes of light, and so on This 
heat IS picsently distiibuted pretty uniformly among its 
suiiounding objects, and can no moie be made use of by 
us foi the sake of jiroducing work A large quantity of the 
Energy ot the Universe must have already assumed this 
K'l itivelv usi'less condition, and in the course of time the 
whole ol the Eiieigy in the Universe will ha\e assumed it 
The Eiidgv of the Universe is a constant amount, some of 

16 (241) 
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it IS available, some is non-available the former is in every 
phenomeiion somewhat diminished but never increased the 
non-available energy is constantly increasing hence the 
Available Energy of the Universe tends to Zero Again, 
Professors Stewart and Tait say “ it is absolutely 
certain that age after age the possibility of such trans- 
formations (of energy) is becoming less and less, and, so 
far as we yet know, the final state of the present Universe 
must be an aggregation into one mass of all the matter it 
contams, i e , the potential energy gone, and a practically 
useless state of kinetic energy, i e , uniform temperature 
throughout that mass 

Is such a conclusion absolutely certain*!^ It all depends 
upon the validity of the Second Law of Thermodynamics 
This 'Taw’^ states that '^one part of a body of uniform 
temperature cannot grow*hotter at the expense of the heat 
of the remainder unless work is performed upon it/^ con- 
sequently, if the energy of the universe is being continu- 
ously degraded mto heat of equal temperature it will even- 
tually be a dead universe That this ^^law^^ however has 
limitations has been recognised since the time of Clerk- 
Maxwell The kmetic theory of gases teaches us that in a 
gas of uniform temperature, while the average velocity of 
the molecules comprising the gas must be a constant quan- 
tity the individual velocities of the molecules must vary to 
a great degree, some of them possessing velocities higher and 
others lower than the average 
Clerk-Maxwell imagmed a firm partition, full of little 
doors, to be placed so as to divide the vessel into two, 
and to each door he placed an intelligent little demon 
with precise instructions to open the door whenever he 
saw a quick movmg molecule approach in such a way 
♦ that it could get through from the first compartment 
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into the second, and whenever he saw, also, that he could 
allow a slow-moving molecule to escape from the second 
compartment into the first It is obvious that the demon 
would eventually succeed m dividing the molecules of the 
gas into two groups, one group of which would possess 
gi eater kinetic energy than the other and would be capable 
of doing work, say, m moving the dividing partition, and all 
this without the performance of work upon it The second 
law would thus be contr ivencd The only reason that this 
contravention of the “law” is not possible m a practical 
sense is the exceedingly small size of the gaseous molecules 
and their immense number 

The great question foi us is this Is the “law” which 
wo see has its limitations in the case of gases also limited 
m the case of sub-atomic change'!' Thioughout this book 
wo have had evidence, and, m fact, demonstiations, of the 
continuous disintegration of the heavy atoms into sub- 
atoms The heavy elements of matter are undergoing a 
steady and inevitable decomposition with the continuous 
production of inter-elemental energy Now, if the lighter 
elements were at the same time undergoing the reverse 
process, were, in fact, synthesizing themselves into the 
heavy elements with the absorption of eneigy so that as 
much energy was collected up by them m their growth as 
was “wasted” by the decomposition of the heavy elements 
in their decay, the universe of matter would keep its avail- 
able energy constant, it would constitute a conseivative 
system having neither beginning noi end It is true that 
the energy evolved m atomic disintegiation is enormous in 
imount, page 176, and that the energy absorbed in atomic 
sviithesis must bo equal to i( , but that does not constitute a 
valid leason why our itoms, which we consider to be aggre- 
gitions of corpuscles, should not continuously grow by the 
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gradual accretion of other corpuscles and the storage of the 
requisite energy through vast stretches of time An objection 
has been urged against the possibility of the growth of atoms 
on the ground that if the lightest atoms gradually grew into 
the heaviest there should be an infinite number of transition- 
forms from hydrogen to uranium, and we find, on the con- 
trary, that the 70 odd elements are sharply defined This 
objection, however, does not hold good While it is not 
necessary to assume that mtermediate elemental forms may 
not exist to some extent, their amount would be insignificant 
The atoms of the periodic table on the basis of Thomson^S 
theory are aggregations of corpuscles representing collections 
of maximum stability, and, hence, a transition collection 
would hasten to these points, ani we should neither find 
them existmg m notable quantity or be able to conserve 
them any more than we can conserve the transition products 
of atomic dismtegration like thorium X or the emana- 
tion X of radium There is, therefore, no known impossi- 
bility inherent m the conception of a conservative universe 
Have we any positive reason for believing in it*^ It must be 
confessed, at the present time, not much In Chapter III, 
Part VI, we discovered that there is, apparently, a regenerat- 
ing influence at work m the stars by which the cold complex 
nebulae of meteorites become converted gradually into the 
hottest stars of simple chemical constitution whence they 
agamfall into coldness and complexity, and, very recently, 
Sir William Hamsay announced that he believes himself to 
have synthesized one element mto another, but this is all, 
and it does not suffice by any means to prove that the 
universe of matter is buildmg up its available energy as 
fast as it dissipates it 

The hypothesis of the reconstruction of the universe 
of matter is therefore, at the present time, a pure specula- 
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tion but it IS a speculation -which may be, as Mr Soddy 
says, “one of those coming events which cast their shadows 
before ” It is discussed here because of its extreme im- 
portance If the universe is running down its available 
energy into uselessness, there must have been a precise 
moment of time, however far back we may place it, when 
the energy was all available and when it was mitiated 
in a sudden beginning by a single creative act Conse- 
quently, thcie must have been a time behind which our 
piesent laws did not operate Also, there must be a time in 
the futuie when the univeisc will have giown to a definite 
exhaustion and death The death will come giadually but 
the beginning must have been sudden and due to a creative 
act 

If on the contiary, the waste of eneigy is leplaced by 
giowth, the universe is immortal or eternal both m the 
futuie and in the past If the old conception is true, it is 
nccessaiy to say, “God made it and started it at a definite 
time to run its com sc ” If the second conception is true, 
we may say “The Universe is God m one phase of Him and 
it possesses His atti ibute of eternal duiation “ This, to most 
people of scientific tiaining, is the more acceptable conclu- 
sion The solution of this gieat problem seems now, at any 
late, a legitimate aspiiation of science and, foi the piesent, 
if the new knowledge has not proved positively that the 
past and future of the universe is infinite, it has, beyond all 
question, enormously increased its boundary in time 



CHAPTER lY 


The Definitions op Science Re-depined 

The summatiou of what the new philosophy has to say 
with regard to the older science is best expressed, synopti- 
cally, m the form of tentative and supplementary definitions 
These “definitions” will be enunciated m the order of their 
simplicity so that they may afford a concise synthesis of 
the views of thp new philosophy in their relation to the great 
fundamental problems of the universe It is understood 
that the new philosophy is very new, and that its definitions 
are wholly provisional They represent the author’s inter- 
pretation of the teachmg of radio-activity as he has gleaned 
it from a worker here and a worker there The “ defini- 
tions” are virtually “propositions” to stand or fall as they 
may 

Electnaty 

Positive Electnaty 

What positive electricity is, nobody knows, unless the 
statement that it is a mode of manifestation of the all- 
pervadmg ether constitutes knowledge, though even this we 
do not certainly know It has either no mass, or very little 
It seems to exist m the form of particles the size of atoms 
In fact, the size of the atom seems to determine the size of 
the positive electricity connected with it Positive elec- 
tncity IS never obtained free from atoms 

Negative electnaty Page 185 

Negative electncity is particulate in character, that is, it 
(246) 
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consists of sepal ate definite units These units, if they 
could be obtained in a state of rest, would, it is deemed, 
have no mass whatever Whether, under these conditions 
they would h xve spatial dimension is not hnown 
Mass Page 184 

A unit of negative electricity in motion cariies along or 
drags with it a poition of the suiioundmg ether This 
“bound” ether c lined by the moving negative unit is what 
we call mass The mass of all matter is believed to be due 
solely to the amount of ether dragged along by the movmg 
elcctiical units 

Corpu\de P iges 65 and 184 

A moving unit of negative electricity together with its 
bound cthci is i coipusclc The mass of a corpuscle de- 
pc'iids upon the amount ol bound ethei connected with the 
moving unit uid this depends on the velocity The average 
mass ot i coipusclc is about one one-thousandth of that of a 
hydiogon atom Coipusclcs may exist free from mattei 
Atom P ages 10 and 171 

A congeiics ol coipuscles sunounded and balanced by a 
spheie ol positive clcctncity is an atom The aveight of the 
atom IS due to the weight of the constituent coipuscles, and 
the piopc'ities ol the atom aic due to their number and ai- 
langement Bmce it tikes a laigc nunibei of coipuscles to 
constitute an atom its stiuctuie is thus extiemely complex 

Chmual Umon Page 167 

Cci tarn (oipusc 111 ii aggiegations will hold in an unstable 
(ondilion afewmoie coipuscles than exactly suffices to bal- 
ince the suiiounding spheie of positive electricity The 
atom consisting ol them is thus as a whole negatively 
(leelnlied Othei aiiangc ments will hold a few ?ess cor- 
puscle's than suffices to balance the positive electricity 
This leaves the atom positively clectiified If these two 
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types of atoms are free to move they unite together and 
neutralize each other electrically This union is chemical 
union Chemical union is thus nothmg but electrical union 
Chemical valency is simply a measure of the corpuscles more, 
or the corpuscles less, than the atom will hold in a stable 
condition 

Molecule Pages 9 and 167 

A group of atoms united together electrically constitutes 
a molecule 

Matter Pages 2 and 184 

Any mass of matter is x molecules, a molecule is y atoms, 
an atom is z corpuscles surrounded by positive electricity 
and a corpuscle comprises a unit of negative electricity 
Matter is thus explained away as bemg electricity and noth- 
mg but electricity 

Radio-actmty Page 169 

Certam vast assemblages of corpuscles comprising the 
heaviest atoms are somewhat unstable As their kinetic 
energy decreases the aggregation “explodes” and the cor- 
puscles re-arrange themselves with the evolution of energy 
and the projection of some of the products of the re-arrange- 
ment This IS radio-activity 

The alpha-rays from a radio-active body are simplified 
arrangements of corpuscles resultmg fiom the explosion 
They are positively electrified sub-atoms 

The beta-rays are free corpuscles let loose from the ex- 
plosion 

The gamma-rays are probably identical m nature with 
X-rays and are probably pulses m the ether set up by the 
explosion 

Inertia Page 179 

The only mertia known is the mertia of the “bound” 
ether carried along by the moving negative electrical units 
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The inertia of any mass of mattei is thus electrical inertia 
Current Electricity Page 186 

An electrical cuirent is nothing but a series of corpuscles 
"handed along” from one atom to another thiough the wire 
At the beginning of their course theic is a deficiency of 
corpuscles and the positive electricity of the atoms thus 
appeals At the end thoie is a gun m coipuscles and the 
negative electiicity is manifested 
Electrical EelJ-induction Page 181 

The tendency ot coipuscles to maintain their state of 
motion which wo know in mattei as inertia is the same 
tendency evpiessed as they aie handed on through a wire 
or in the oscillations of an electiic spaik Electrical self- 
induction and the inertia of matter aie thus identical 
phenomena 

Radiation Page 186 

Whenevei the velocity of a coipuscle is changed it causes 
iipples m the suiiounding ethei These etheiial ripples 
constitute ladiation, whethei of light, heat, Hertzian waves 
01 what not 
Magneh'^m Pago 186 

Magnetism is a force developed at right angles to the 
diiection of motion ol the moving corpuscle 
Gravitation Pago 189 

We do not, as yet, know what giavitation is Possibly, 
it depends on some intei action between the positive elec- 
tricity and the negative electiicity of the corpuscles when 
they come together to form an atom It is certainly an 
extremely small effect and is appreciable to us only on ac- 
count of the enormous masses of the bodies giving rise to it 
Conservation of Mass Page 3 

Is the law of the conseivation of mass the expression of 
an absolute truth‘s It does not seem so, at any rate m the 
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case of radio-active bodies We have learned that the mass 
of a corpuscle is dependent on its velocity and this indicates 
that the mass of the radium atom before its explosive re- 
arrangement ■would not be the same as the mass of the 
products of its disintegration for the velocities of its cor- 
puscles have changed This can only be determined by 
looking for a change of weight in a quantity of radium kept 
under such conditions that the products of disintegration 
cannot escape It wdl take time to determine this question 

Smce all atoms are corpusculai aggregates and ai e there- 
fore liable to changes of energy we should expect to find 
minute changes of weight in oidinary mateiials and this 
expectation is borne out by certam researches notably those 
of Heydtveiler and Wallace 

Heydweiler claims that copper sulphate and water do not 
have the same collective weight before and after solution 
Wallace claims that a mass of water does not have the same 
weight before and after freezmg Altogether, both from 
theoretical and experimental considerations the absolute 
vahdity of the la-w of the conservation of mass is certainly 
challenged 

The Ether Page 4 

The ether is what it was — the hypothetical, but none the 
less believed in, medium of extreme tenuity and elasticity 
diffused throughout all space, the medium foi the trans- 
mission of ladiant energy Recently, howevei, Mendeldeff, 
the doyen of chemical science, has originated the concep- 
tion that the ethei instead of being some mys tenons form of 
non-matter as generally believed is actually the lightest md 
the simplest of the elements, and a definite form of matter 
He believes it to be one of the inactive gases of the Argon 
family of elements and he assigns to it the position x in the 
Zero Group of his revised penodic arrangement of the 
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elements Fig 5, Page 28 The atomic weight of the 
ether he concludes to be nearly one-millionth of that of 
hydrogen and its atoms consequently travel with enormous 
velocities This extieme velocity explains the all-pervadmg 
character of the substance It may be said that, on this 
hypothesis, Mendlejeff accounts fan ly well for the properties 
of the ethei, and his specul xtmns are deserving of more credit 
and attention than they at piesent receive 



CHAPTER V 


The Validity of the Nrw Knowledge 

We began our present woik by attempting to show the 
need felt by men of science of reducing tlio physical uni- 
verse to a condition of “Oneness” — of finding some One 
Thing out of whose qualities or piopoities might proceed all 
that IS We have not done this, quite By means oi 
theoretical speculations based upon scientific oNpeinncnta- 
tion, we have shown how it may bo tiue th.it all bodily 
existence is but the manifestation of uiiils of negative 
electricity lying embosomed in an ommpiesent ('thcr of 
which these units are, probably, a conditioned part Matter 
has disappeared as a fundamental existence, or at any rate 
it IS explained as a manifestation of electiicify Mass, a 
supposedly indestructible thing, has disappeared with matter 
and comes into existence only as the negative eli'ction, as- 
summg motion, carries with it a bound jioi t ion of the cthei 
in which it IS bathed, and furthermoic this mass wliieli we 
thought so invariable depends solely upon the velocity with 
which the negative unit moves 

Our negative unit on receivmg mass becomes a “cor- 
puscle” endowed with the primary qualities of matter 
super-imposed upon those of electricity Corpuscles con- 
gregating mto groups or various configurations constitute 
essentially the atoms of the chemical elements, locking 
up m these configurations supcr-terrific energies and leav- 
ing but “a slight residual effect” as chemical affinity or 
gravitation with which we attempt to carry on the work 
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of the world These atoms, congregating m their turn as 
nebuLe and under the slight residual force of gravitation 
condense into blazing suns The suns decay in then temper- 
ature and become ever moie and more complex in then con- 
stitution as the atoms lock themselves into multiple foim^ 
We then see these multiple atoms developing up into the 
molecules of matter to foim a woild We see the moleculcb 
growing ever more and more complex as the world grows 
colder until we attain to organic compounds We see 
these organic compounds united to form living beings and 
we see these living beings developing into countless forms 
and, after seons of time, evolving into a dominant race 
which IS us 

Of this attempt on the pait of science to unify physical 
nature, the Hon A J Balfour said in his presidential rd- 
diess before the Biitish Association, it excites feelings of 
the most acute intellectuil gratification The satisfaction 
it gives IS almost ossthetic in its intensity and quality 
We feel the same sort of pleasurable shock as when from 
the crest of some melancholy pass we first see fai below us 
the sudden gloiy of plain, river and mountain 

But IS this glorious view of pliin, iivei and mountain a 
veritable leahty, oi is it some mocking illusive mii ago spiexd 
out before men thirsty foi a consistent woikP Is it trut^ 
Now, without lepeatmg the jest of Pilate, we may ask oei- 
selves, IS there any entenon of tiuth by w^hich we juc^ge this 
wondeiful system, to accept or condemn‘d 

It has been said that 'Hruth consists in an 'agreement' or 
'correspondence' ot thought with its object, viz reality" 
But tins IS impossible with a system of this kind The defi- 
nition IS applicable enough when we wish to compare a 
theoretical determination with a "reality" experimentally 
obtained But, here, we cannot get at the "reality” to 
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compare it with the theoretical interpretation. We know 
“reality” only as it is expressed in our thought and conse- 
quently this “correspondence” can have no meaning 

Again, truth is conceived as “systematic coherence ” A 
system is “ true ” if it is entirely consistent and coherent, if 
it IS completely inter-explanatory The system we have 
presented is beautifully consistent with the observed facts 
of the universe as we see them It is not complete, far 
from it, but mcompleteness does not necessarily mean error 
Is it therefore “ true”? 

Let us go farther Suppose that we had actually re- 
solved the whole physical scheme of thmgs into modes, or 
manifestations, of a single simple ether, so that every action 
of every thing was a necessary consequence of the postulated 
properties of this fundamental substance and that all phe- 
nomena on this basis were perfectly coherent and consistent 
Would we then have attamed to the actual absolute truth? 
The answer to this question raises another Is it not possible 
that there may be a perfectly consistent and coherent false- 
hood or error, and, if so, should we be able to recognise it 
and to know it from truth? Probably not, but is a system 
of falsehood or of error ever perfectly coherent ancl con- 
sistent? Is there not always discovered, sooner or later, a 
nft m the lute and a false note m the harmony? Still, this 
does not extneate us from our difficulty Even if we had a 
perfeetty mter-explanatory system we should not be able to 
know beyond peradventure that it was an expression of 
“ reality ” There is no cnterion of absolute truth, there is no 
way of attainmg to absolute truth, and we may as well ac- 
knowledge it Should we therefore abandon the world- 
nddle? Assuredly not If we may never know a system to 
be true, we may beheve it to be true We may not have a 
knowledge of truth hut we may have a recogmtjon of it 
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This lecognition of tiiith depends, seemingly, on psycholog- 
ical consideiations If we have a beautitul building of sys- 
tematized perceptions and conceptions all dovetailing into 
one anothei into the complete expiession of an idei, ^^'e s ly 
the idea is tiue becxuse we see in it a peifect hxrmony, and 
this harmony pie ises us and gives us a feeling of the recogni- 
tion of tiuth But the statement '^This scheme is faultless 
in its consistency and is theiefoie true’^ is not logic, it is an 
act of puic faith This unlogical futh which peimeates 
science is very plain to see T\ hy should theie be a system 
at alP Why should we feel that the universe must be a 
peifect harmony‘s Why should theie not be seventy oi 
eighty elements as well as one only‘^' The answei is not 
foithcoming It is a mattei of futh bied in the bone of 
science The little systems have then day, one after an- 
othei, and cease to bo But out of each system uses an- 
other, not as 1 1 evolution but as an evolution The second 
system takes in dl the '^licts’^ of the first accounts foi ill 
its inconsistencies and embiaces a widei scope The third 
beais a similii lelation to the second Hence the evolution 
of systems is like a senes of concentiic cver-widening ciicles 
coveiing evei luger aieis of knowledge, and we believe 
puiely as an act of f iith and not it ill of logic that the 
iiniveise is eventually detc iniinable, thousands of yeais 
hence, into some one system which will account for evei}- 
thmg and which will be the tiuth 

Meanwhile, this system of the new knowledge, as vc' 
have attempted to outline it, is simply the outermost 
circle coveiing the gieatest aiea of knowledge, and while 
its diameter is by no means infinite, it is the truest ex- 
piession of the truth attainable at this time and as such 
IS vastly useful Its utility in the evolution of knowledge 
IS its sole apology for existence Outside, however, of the 
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theoretical interpretations of the new knowledge theie is 
a great body of newly perceived phenomena called “facts ” 
These " iacts,” independently of any theory connectmg them, 
are also useful, so useful, indeed, that they will nevei be 
forgotten nor neglected so long as thought endures Such 
are the ascertained facts of, and measurements of, radio- 
activity, of the new physics, the new chemistry, and the 
new astronomy — ^new pawns on the chessboard of man’s 
stru^e with nature and forever useful 

In addition, there are certain new conceptions which 
while we can hardly say they are ascertained truths, shadow 
themselves as such 

It is m the realization of two of these conceptions that 
durmg the next two hundred years the great work of the 
world will he 

The first is the transmutability of the elements Our 
reason bids us assent to its actual accomplishment, not with 
our aid but in spite of it, m the case of the heavy elements 
Our hopes lead us to feel that we may aspire to accomplish 
it for ourselves In this connection Sir William Ramsay’s 
speech at the "Waldorf-Astona banquet is significant 

“Experiments are m progress vith radio-active substances 
the results of which seem to show that we are on the bnnk 
of discovermg the S 3 mthesis of atoms This may lead us to 
the discovery of the ordinary elements” A record of his 
experiments certainly confirms his hopeful attitude Hav- 
ing accomplished atomic s3mthesis we shall then strive to 
subordinate it to our needs, and having done this we shall 
be well on our way to a transformed world 

Still another conception of the new knowledge is that of 
the vast stores of mter-elemental energy of which we live but 
on the fringe— a store of energy so great that every breath 
We draw has withm it sufficient power to drive the work- 
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shops of the -world Man will tap this eneigy some day, 
some how 

Of comse we do not know this, but we believe it We 
believe it because we believe that Creation means something 
and means it intensely We have not come up thiough 
Paleozoic, Mesozoic and Cenozoic times for nothing If ill 
the anguish of all the lives of all the past weic to find one 
common vocal expression what a cry to God theic would be’ 
Aie we to believe that the butchei, the baker and the 
candlestick maker, to say nothing of the gieat masses of 
men beneath them aie woith all that‘s’ No It is all a 
piomise There must be a lesult in the woild that is worth 
all the world It has been impossible in the past to even 
glimpse this lesult It was an action of puie faith to be- 
lieve m it But now that we know, oi think we know, of 
this infinite tieasui e-house of mtei-elementil energy lying 
latent foi the hand of futuie man to use, it is neither diffi- 
cult nor fanatical to believe that “beings who are now 
latent m our thoughts and hidden in oui loins shall stand 
upon this earth as one stands upon a foot-stool, and shall 
laugh and leach out their hands amidst the stais ” 

Meanwhile, we feci thit wc know this “In the beginning 
God cieatod” and in the midst of His ci cation IIc set down 
man with a little spaik of the Godhead m him to make him 
strive to know, — ind in Ihc stnving, to glow xnd to piogiess 
to some great, woitliy, unknown cud in this woild He gave 
him hands to do, x a\i 11 to diivc, and seven senses to appie- 
hend, — just a woikmg cijuiimieiit, and so he his won his 
way, so fii, out of the hoiiililo conditions of pic-histoiy 

To know, IS to woik ind to do, and a new thing done is 
forevei a rung in the luldei by which min climbs, — ^neces- 
sary and good foi ill geiici itions, until the summit is at- 
tamed and the licldcr can be cast aside 
17 
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